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GENERAL PREFACE. 


Tur subject of Physiological Chemistry, or Biochemistry, is 
enlarging its borders to such an extent at the present time, 
that no single text-book upon the subject, without being 
cumbrous, can adequately deal with it as a whole, so as to 
give both a general and detailed account of its present 
position. It is, moreover, difficult, in the case of the larger 
text-books, to keep abreast of so rapidly growing a science 
by means of new editions, and such volumes are therefore 
issued when much of their contents has become obsolete. 

For this reason, an attempt is being made to place this 
branch of science in a more accessible position by issuing 
a series of monographs upon the various chapters of the 
subject, each independent of and yet dependent upon the 
others, so that from time to time, as new material and the 
demand therefor necessitate, a new edition of each mono- 
graph can be issued without re-issuing the whole series. In 
this way, both the expenses of publication and the expense 
to the purchaser will be diminished, and by a moderate 
outlay it will be possible to obtain a full account of any 
particular subject as nearly current as possible. 

The editors of these monographs have kept two objects 
in view : firstly, that each author should be himself working 
at the subject with which he deals; and, secondly, that a 
Bibliography, as complete as possible, should be included, 
in order to avoid cross-references, which are apt to be 
wrongly cited, and in order that each monograph may yield 
full and independent information of the work which has been 
done upon the subject. 

It has been decided as a general scheme that the volumes 
first issued shall deal with the pure chemistry of physiological 
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products and with certain general aspects of the subject. 
Subsequent monographs will be devoted to such questions 
as the chemistry of special tissues and particular aspects of 
metabolism. So the series, if continued, will proceed from 
physiological chemistry to what may be now more properly 
termed chemical physiology. This will depend upon the 
success which the first series achieves, and upon the divisions 
of the subject which may be of interest at the time. 
inet. 
iy Ge 
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PREPACT TO THIRD EDITION. 


Work upon the chemistry of the proteins is always in progress, 
and a large amount of new matter has required incorporation 
in this edition. At the same timea thorough revision has been 
made, and the former omission of references in the text to the 
papers quoted in the bibliography has been remedied. 

The new matter in this edition is mainly connected with the 
analysis of proteins. It has therefore been thought advantage- 
ous to divide this part of the monograph into two: Part I. 
Analysis. Part II. The Amino Acids. New or improved 
analytical methods are constantly being devised, whilst the 
description of the amino acids is a more definite part of the 
subject matter. 

The division into two parts will be a saving of labour to 
author, publisher and printer, and the expense to the purchaser 
will be lessened. The editors mentioned these considerations 
at the time the monographs were first issued. 
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INTRODUCTION. 


THE proteins, of which we know some forty or fifty natural ones 
occurring in both animals and plants, are divided according to their 
origin, solubility, coagulability on heating and other physical char- 
acteristics into the following groups :— 


le 


ET. 


FLT. 


Ly. 


IX, 


Protamines, ¢.g., salmine, sturine, clupeine, scombrine, cyclop- 
terine, cyprinine. 

Histones, eg., thymus histone, Lota histone, Gadus histone, 
histone from blood corpuscles. 7 

Albumins, e.g., ovalbumin, conalbumin, serum albumin, various 
vegetable albumins. 

Globulins, eg, serum globulin, fibrinogen and its derivative 
fibrin, myosinogen and its derivative myosin occurring in 
the muscles of animals; legumin, conglutin, amandin occur- 
ring in plants, and some crystalline vegetable globulins, eag., 
edestin, excelsin. 


. Glutelins, eg., glutenin in wheat, oryzenin in rice, soluble in 


very dilute alkali. 


. Gliadins, e.¢., wheat-gliadin, hordein, zein, occurring in cereals 


and soluble in 70-80 per cent. alcohol. 


. Phosphoproteins, ¢.g., caseinogen, vitellin, ichthulin. 
VIII. 


Scleroproteins, ¢g., keratin from hair, horn, feathers, egg- 
membrane. Collagen, gelatin, elastin. Silk-fibroin, silk- 
gelatin. 

Conjugated Proteins :— 

(2) Nucleoproteins : nucleic acid in combination with protein, 
generally "LL, Il1., Il. 

(4) Chromoproteins: chromogenic substance in combination 
with protein, e.g., hemoglobin. 


Pr. 4. I 


2 THE CHEMICAL CONSTITUTION OF THE PROTEINS 


(c) Glucoproteins: carbohydrate in combination with protein, 

é.g., mucin, ovomucoid. 
X. Derivatives of Proteins :-— 

(a) Metaproteins, e.g., acid-albumin, alkali-globulin. 

(0) Proteoses, e.g., caseose, albumose, globulose. 

(c) Peptones, e¢.g., fibrinpeptone. 

(Z) Polypeptides, e.g., glycyl-alanine, leucyl-glutamic acid, 
a tetrapeptide (2 glycine + 1 alanine + 1 tyrosine). 

. Except the protamines, the histones, and the derivatives of the 
proteins, all the proteins contain carbon, hydrogen, nitrogen, sulphur 
and oxygen, and they possess the following elementary composition :— 

C 51-55 per cent. 

H 7 
N 15-19 
S10°4 245 
OQ 20-30 ¥ 


bB] 


from which a formula such as 
Cros za Nig s0 014 
which is that of globin, the basis of hemoglobin, can be calculated, 

The phosphoproteins and the nucleoproteins contain also the 
element phosphorus; in the former, probably combined directly with 
one of the constituents of the protein molecule ; in the latter, combined 
with a pyrimidine or purine base or a carbohydrate ; these substances, 
together with phosphorus, constitute nucleic acid. 

Investigations upon their chemical constitution have been carried on 
now for nearly a century, but it is only since 1901 that, by the work 
of Emil Fischer and his pupils, any clear view has really been obtained 
of their actual constitution. ‘The main result of these investigations 
is that the protein molecule is built up of a number of amino acids, 
belonging to four different series, and of which the following have 
been definitely determined :— 


A. Monoaminomonocarboxylic acids. 


1. Glycine, C,H,NO,, or amino-acetic acid. 
CH, . (NH,) . COOH 

2. Alanine, C,H,NO,, or a-aminopropionic acid. 
CH, . CH(NH,) . COOH 


3. Valine, C;H,,NO,, or a-aminoisovalerianic acid. 


ee 
CH . CH(NH,) . COOH 
CH,~ 


Io. 


rf. 


12. 


52; 


14. 


15. 


16; 


INTRODUCTION 


. Leucine, C,H,,NO,, or a-aminoisocaproic acid. 


CH. 
CH . CH, . CH(NH,) . COOH 
Cr 


. Isoleucine, CsH,,NOg., or a-amino-8-methyl]-8-ethyl-propionic acid. 


CH;\ 
CH .CH(NH,) . COOH 
C,H,” 


. Phenylalanine, C,H,,NOx, or 8-phenyl-a-aminopropionic acid. 


C,H, . CH,. CH(NH,). COOH 


. Tyrosine, C,H,,NO,, or B-parahydroxyphenyl-a-aminopropionic acid. 


HO. C,H,. CH,.CH(NH,). COOH 


. Serine, C;H,NOs, or B-hydroxy-a-aminopropionic acid, 


CH,(OH). CH(NH,). COOH 


. Cystine, C,H,,N.0,S., or dicysteine, or di-(@-thio-a-aminopropionic acid). 


HOOC. CH(NH,). CH,.S—S.CH,. CH(NH,). COOH 


B. Monoaminodicarboxylic acids. 
Aspartic acid, C,H,NO,, or aminosuccinic acid. 
HOOC.. CH, .CH(NH,). COOH 


Glutamic acid, C,H,NO,, or a-aminoglutaric acid. 
HOOC.CH,.CH,.CH(NH,). COOH 


C. Diaminomonocarboxylic acids. 


Arginine, C,H,,N,O., or a-amino-6-guanidinevalerianic acid. 


NH 
Bases. * 
XNEH< CH, CH, €H, . CH(NH,) Coon 
Lysine, C,H,,N.O,, or a, e-diaminocaproic acid. 
H,N . CH,. CH,. CH,.CH,.CH(NH,). COOH 


D. Heterocyclic compounds. 


Histidine, C,H,N,O,, or 8-imidazole-a-aminopropionic acid. 
CH 
OOK 
N NH 
CH = Wi ae COOH 
Proline, C;H,NO,, or a-pyrrolidine carboxylic acid. 
CH,—CH, 


ies CH .COOH 
We 
NH 
Oxyproline, C;H,NO., or y-hydroxy-a-pyrrolidine carboxylic acid. 
HO. CH—CH, 


CH, CH.COOH 
Noe 
NH 
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17. Tryptophan, C,,H,,.N.O., or B-indole-a-aminopropionic acid. 
C—CH,.CH(NH,). COOH 
\ 


E. Ammonia. 


These seventeen amino acids, together with ammonia, which is 
present in the form of acid amide groups, are the basis of the com- 
position of the protein molecule. They are generally referred to as 
‘ Bau-steine,” the bricks, or foundation stones; but as the English 
translation of the German word is not entirely expressive of its mean- 
ing, it is preferable to use the term unit or element for these compounds 
in their relation to the proteins. 

Most proteins contain all these amino acids or units in various 
proportions, but some proteins, such as gelatin, contain only fourteen 
or fifteen, and some, such as salmine, are built up of three or four units, 
these units being di-amino acids and histidine. Full data of the pro- 
portions, so far as is known, are given in the tables on pp. II1I-130, 
and further reference to details is made on pp. 63-84. 

Our purely chemical knowledge of the proteins has led to a greater 
knowledge of the digestion of proteins. Proteins are completely con- 
verted into their constituent units in the alimentary canal of animals; 
in this form they reach the bloodstream and circulate to the various 
organs of the body. Each organ rebuilds its tissue from the circulat- 
ing amino acids, as well as giving rise to them during its catabolism. 
In plants, too, protein is transferred from one region to another in the 
form of amino acids, We think of and work with proteins in terms 
of amino acids. All considerations and deductions as to the dietetic 
value of proteins can no longer be based upon their total nitrogen 
content, but must be based upon the amounts of the various amino 
acids in their molecule. Nitrogen equivalence is not amino acid equi- 
valence. Proteins devoid of certain units are of no value for the 
maintenance of life; proteins deficient in certain amino acids are of 
little or of no value for ensuring the growth of young animals. These 
particulars are given in Cathcart’s Physzology of Protein Metabolism, 
second edition. The analysis of proteins with special reference to 
those units of metabolic value is therefore of the greatest importance. 

The long list of amino acids is sufficient evidence of the complexity 
of the protein molecule; and, as yet, it seems to be incomplete, for 
several other products have been described :— 
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1. Aminobutyric Acid.—The presence of aminobutyric acid, which 
would complete the series of monoaminomonocarboxylic acids, was as- 
sumed by Schiitzenberger [1879]. A small amount of a substance of 
the empirical formula C,H,NO, was isolated by Foreman [191 3, 2] from 
the products of hydrolysis of caseinogen. Foreman considered it to 
be a-aminoisobutyric acid, but his evidence is not quite sufficient for 
the identification of the product. Abderhalden [Abderhalden and 
Weil, 1913, 3] subsequently stated that an amino acid of this composi- 
tion had been obtained from a great number of proteins but that its 
constitution was not established. 

2, Norleucine or a-amino-n-caprotc Acid.—\n addition to the two 
isomers, leucine and isoleucine, of the empirical formula C,H,,NO,, 
another isomer, norleucine, has been shown to be present in the protein 
of the nervous tissue of the brain [Abderhalden and Weil, 1912, 2; 
1913, I, 2,3]. It is apparently identical with glycoleucine described 
by Thudichum [1901]. This unit is most likely present in other pro- 
teins also. Further evidence of its more general occurrence is given 
by the results of Skraup and Witt [1907], who obtained z-valerianic 
acid, which can only arise from a normal caproic acid, by the action 
of alkaline hypobromite on caseinogen and of Heckel [1908], who by 
the same method obtained z-valerianic acid from the leucine fraction 
of amino acids prepared from caseinogen ; also of Samec [1908], who 
obtained #-caproic acid by the reduction of the leucine fraction of amino 
acids prepared from elastin. 

3. Skraup [1904] added several new units to the list. Two of 
these, diaminoadipic acid and diaminoglutaric acid, were subsequently 
[1905, 2] shown to be alanine and a mixture of glycine and alanine. 
The other compounds were hydroxyaminosuccinic acid, C,H,NO,, di- 
hydroxydiaminosuberic acid, C,H,,N.O,, caseanic acid, CyH,,O,N,, and 
caseinic acid, C,,H,,O;N,. These substances were not found by Skraup 
[1905, 1] in gelatin, but another compound, C,,H»,N;O,), was obtained. 

Adensamer and Hoernes [1905], who used the same method as 
Skraup, could only isolate small quantities of caseanic and caseinic 
acids from egg-albumin. All these substances are most probably 
mixtures. Caseinic acid resembled in many ways the substance 
diaminotrioxydodecanic acid, 

4. The two substances, hydroxyaminosuberic acid, CsH,,O,N, and 
hydroxydiaminosebacic acid, C,)H,)O,N,, described by Wohlgemuth 
[1904, 1905] in the protein of the liver are, like the above, probably 
mixtures, 
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5. Diaminotrioxydodecanic acid, C,,H,,O,N,, was isolated by 
Fischer and Abderhalden [1904] from some tyrosine prepared from 
caseinogen. Other workers have subsequently searched for this com- 
pound, but have never isolated it. Abderhalden and Weil [1912, 2] 
stated that it had been obtained in very varying yields, which made it 
appear probable that it was a secondary product of hydrolysis and that 
its constitution appeared to be different to that implied by its name. 

6. A substance of the formula C,,H,,0;N was isolated by Torquati 
[1913, I, 2] from the seedlings and green pods of the vetch, Vécta Faba. 
This compound was investigated by Guggenheim [1913], who ascer- 
tained that its elementary composition corresponded more closely to 
the formula C,H,,O,N, and that its constitution was 3, 4, dihydroxy- 
phenylalanine, 

OH 


Gee 


CH, = CH(NI.) COOH 
In properties it resembled the synthetical dl-dihydroxyphenylalanine 
described by Funk [1911] and also by Stephen and Weizmann [1914]. 
Like adrenaline this substance possesses a pyrocatechin nucleus. (See 
Barger’s Simpler Natural Bases.) 

7. Gortner [1911] mentions the presence in wool of an aromatic 
phenolic compound, which gives Millon’s reaction but is not tyrosine. 
If it should prove to be dihydroxyphenylalanine, this compound may 
prove also to be present in other proteins and to be a unit of general 
occurrence. 

8. Abderhalden and Kempe [1907, 1], in preparing tryptophan by 
the tryptic digestion of caseinogen, observed the presence of another 
compound of the formula C,,H;,N,O;. It was found more frequently 
when the digestion was prolonged and the subsequent preparation was 
slow ; it seems to be an oxidation product of tryptophan. It does not 
give the usual reactions for tryptophan and is converted by hydrochloric 
acid into a quinoline derivative. It is known as oxytryptophan. 

Q. 3, 5-Dizodotyrosine is present in the protein contained in corals 
and other sea animals: it is formed when proteins are treated with the 
halogen: it is not included in the above list since it is of such rare 
occurrence and presumably a derivative of tyrosine. 

10. Glucosamine.—The presence of glucosamine in the protein 
molecule is a disputed question ; there is no doubt that a carbohydrate 
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containing nitrogen is contained in the glucoproteins in their prosthetic 
sroup, but it is doubtful if it be present in the protein part of the mole- 
cule, although a carbohydrate has been obtained from carefully purified 
proteins containing no prosthetic group, such as crystallised egg-albu- 
min and serum-albumin. The fact that the yield of carbohydrate from 
such a protein becomes smaller the more often it is recrystallised, 
suggests that the presumably pure protein still contained an impurity ; 
this impurity would bea glucoprotein, which is found in both egg 
white and serum from which the crystallised proteins are separated, 
and this would give rise to the carbohydrate. Glucosamine is therefore 
excluded from the above list. 

The composition of the protein molecule has been determined by 
the method of hydrolysis. As the result of hydrolysis a complex 
mixture of all, or nearly all, the previously mentioned units is ob- 
tained. These have been isolated by various methods based upon 
the fractional crystallisation of the compounds themselves, or of their 
copper, silver and other salts. Only when one or more of the amino 
acids occurred in somewhat large amounts was their isolation and 
characterisation effected ; their amount seldom reached a value higher 
than 20 per cent. of the total quantity, and the remainder was 
represented by uncrystallisable syrups of unknown nature. The 
products, termed leuceines, acids of the series C,H,—-,NOs, and 
glucoproteines, acids of the series CynH2,N,O, in gelatin, glucopro- 
teines-@ and tyroleucine in albumin, described by Schiitzenberger 
[1879] and by Lepierre [1903] have been shown by Hugouneng and 
Morel [1906, 1907] and Galimard, Lacomme and Morel [1906] to be 
mixtures of now definitely known substances. 

A great advance was made when Drechsel discovered that the 
protein molecule contained di-amino acids as well as mono-amino acids, 
and to Kossel and Kutscher we owe our chief knowledge concerning 
their isolation and estimation. Emil Fischer, in 1901, by his study 
of the amino acids and their derivatives, introduced a new method of 
isolating and separating the mono-amino acids, which depended upon 
the fractional distillation zz vacuo of their esters, and which is now 
commonly known as the ester method. This method, though not yet 
really quantitative, has enabled us to obtain a knowledge of some 70 
per cent. of the total products resulting by hydrolysis, and it has shown 
us that phenylalanine, serine and alanine, which were only known to 
occur in a few, are present in all proteins, and that phenylalanine 
in its distribution is the principal aromatic constituent, for it often 
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exceeds in amount that of tyrosine and occurs when this latter is 
absent. Further, it has demonstrated the presence of two new com- 
pounds, proline and oxyproline. 

New units have thus been discovered with each improvement in, 
and development of, the methods of analysis of the proteins. The 
exact constitution of these units had also to be determined. This 
portion of the subject has been attended with entire success; we 
now know the chemical constitution of every clearly defined unit 
in the protein molecule. Except glycine, all the amino acids con- 
tained in proteins are optically active and this property must also 
be considered. 

The final problem in the chemical constitution of the proteins— 
the synthesis—remains. This problem is still in its infancy. After 
numerous attempts by the earlier investigators its foundation was 
laid by Emil Fischer, who has synthesised a compound which, if 
it had been found in nature, would have been described as a protein. 
The difficulties in this part of the subject are very considerable. Not 
only is the amino acid required, but also its natural optical isomer is 
required. Many of the amino acids can only be readily obtained by 
decomposition of the protein, and, even if they be prepared by synthe- 
sis, much time and expense is involved. The proper conjunction of 
the amino acids is then necessary; the results of analysis give no 
clue as to whether the arrangement is a, 0,c,d,e or 0, c,d, a, @, or 
d, ¢, b, a,c, etc. Some idea of the arrangement of the units in the 
protein molecule has been obtained by the isolation of several poly- 
peptides, as the combinations together of the amino acids are termed, 
from proteins. Their isolation is so difficult that there must be many 
years of incessant labour before a real natural protein will be actually 
produced in the laboratory. 

The study of the Chemical Constitution of the Proteins can there- 
fore be divided into three sections :— 

I. The Chemical Composition of the Protein Molecule. Analysis. 

II. The Chemical Constitution of the Units. The Amino Acids. 

III. The Synthesis of the Proteins. The Polypeptides. 
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lf HYDROLYSIS. 


The complex problem of the composition of the protein molecule 
has been solved by the method of hydrolysis, though other methods 
such as fusion with alkali, oxidation with permanganate, chromic acid, 
etc., action of halogens have been employed. Hydrolysis has been 
effected by (1) boiling with acids, (2) boiling with alkalies, (3) the 
action of the various proteoclastic enzymes which occur in animals 
and plants. Proteins were first hydrolysed by acids in 1820 by 
Braconnot, who used dilute sulphuric acid; between 1850 and 1875 
hydrochloric acid was most frequently used as the hydrolysing agent 
by Ritthausen, Hlasiwetz and Habermann, and others; from 1870 
to 1880 Schiitzenberger employed baryta water under pressure. The 
action of vegetable enzymes on proteins was studied chiefly by 
Schulze and his co-workers, that of animal enzymes by Kiihne, 
Kossel, Kutscher, Drechsel, and numerous other investigators. 


(2) Hydrolysis with Hydrochloric Acid. 
(i) Concentrated Acid. 


Hydrolysis of proteins by boiling with concentrated hydrochloric 
acid for several hours produces a dark brown solution of the products. 
Hlasiwetz and Habermann [1871, 1873] carried out the hydrolysis in 
the presence of stannous chloride in order that the solution should 
remain colourless. This addition is not necessary, as was shown by 
Cohn [1896-97] and was not made by E. Fischer in his researches. 

The hydrolysis of protein is usually carried out by heating it with 
three times its quantity of concentrated hydrochloric acid of specific 
gravity 1:19. The protein is placed in a round flask and covered with 
the acid; on shaking and warming slightly it gradually passes into 
solution. ‘The solution, which at first may become violet in colour, 
gradually turns brown; it is then boiled under a reflux condenser for 
six to twenty-four hours, depending on the particular protein. The 
solution has finally a dark brown colour and during the hydrolysis a 
portion of the hydrochloric acid is evolved as gas. It is filtered from 
humin substances (secondary products arising from carbohydrate and 
tryptophan and other units, see p. 65) and fatty material by passage 
through a Buchner funnel covered with linen, and these are well washed 
with water. The products are isolated from this solution. 
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(ii) Dilute Acid. 


Hydrolysis may be equally well affected by boiling the protein 
with from 10-20 parts of 20 per cent. hydrochloric acid for twenty- 
four to forty-eight hours. [Van Slyke, rgort, 4.] 

Henriques and Gjaldbak [1910] have found that complete hydro- 
lysis is produced by heating the protein with 3N hydrochloric acid 
in an autoclave at 150° for one and a half hours. These observers 
made no statement as to the quantity of acid they used. Their ex- 
periments were confirmed by Van Slyke [1912, 2] who hydrolysed 1°5 
grams of protein with 50 c.c. of 3N acid, ze. with thirty-three times 
the quantity. Van Slyke showed further that complete hydrolysis was 
effected either by heating at 100° for forty-eight hours with 20 per 
cent. acid or at 150° with 3N acid. Henriques and Gjaldbak [1910] 
found that the hydrolysis of egg albumin was not complete by 
heating for twelve hours with concentrated acid, but was complete on 
heating at 150° for I°5 hours in an autoclave with 3N acid. There 
was no advantage in heating at 150° for a longer period of time; at 
180° in an autoclave decomposition of the amino acids occurred with 
the formation of ammonia. 


(il) Alcoholic Hydrochloric Acid. 


Proteins are also hydrolysed by boiling with alcohol saturated with 
hydrogen chloride. Pribram [1911] first drew attention to this fact, 
showing that hydrolysis occurred with carefully dried protein and 
carefully dried reagents ; the hydrolysis was more complete if the alco- 
hol contained 3-5 per cent. of water. Similar results were previously 
published by Pfannl [t910}. They are not in accordance with those 
of Abderhalden and Hanslian [1912], who showed that no appreciable 
hydrolysis took place if moisture was carefully excluded during all 
operations. Weizmann and Agashe [1913] have isolated small quan- 
tities of amino acids, but consider that the main result of hydrolysis 
with alcoholic hydrochloric acid is the formation of complex products 
intermediate between protein and amino acid. Herzig and Land- 
steiner [1914] estimated the amount of esterification in the case of 
serum proteins which were heated with various strengths of alcoholic 
hydrochloric acid. Their results also show that hydrolysis of the 
protein takes place, but only to a small extent. 
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(6) Hydrolysis with Sulphuric Acid. 


The protein is hydrolysed by boiling for fifteen to twenty-four 
hours with six times its quantity of 25-33 per cent. sulphuric 
acid, or with a mixture of three times its weight of concentrated 
sulphuric acid and six times its weight of water under a reflux con- 
denser. Generally, the mixture is heated for one to one and a half 
hours on a water-bath until frothing has ceased and then in an oil- 
bath at 105° for the necessary length of time. 


(c) Comparison of the Hydrolysis with Hydrochloric and 
Sulphuric Acids. 

Several observers have maintained that the results obtained by 
hydrolysing with concentrated hydrochloric acid and with 25-33 per 
cent. sulphuric acid are different, but investigations by Abderhalden 
and Funk [1907] and by Skraup and Tiirk [1909] have proved that 
complete hydrolysis is effected by both acids, if the boiling be con- 
tinued for a sufficiently long time. 


(¢) Hydrolysis with Hydrofluoric Acid. 


Hugouneng and Morel [1908; 1909, 1; 1909, 2], who have em- 
ployed hydrofluoric acid, found that the results depend on the strength 
of the acid ; the stronger the acid the greater is the amount of com- 
plex polypeptides. Many hours’ boiling with dilute acid are required 
to effect complete hydrolysis. 


(¢) Hydrolysis with Alkalies. 


Proteins are not generally hydrolysed by boiling with alkali. 
Alkali hydrolysis is only used for special purposes. The amino acids 
produced are completely racemised, whereas acids cause only partial 
racemisation. Arginine is destroyed ,by boiling with alkali and con- 
verted into ornithine and ammonia. Cystine is also decomposed by 
boiling with alkali, 


(f) Comparison of the Hydrolysis with Acids and Alkalies. 


Abderhalden, Medigreceanu and Pincussohn [1909] compared 
the hydrolysis by acids and alkalies. Alkalies produce the most com- 
plete hydrolysis. Abderhalden and Brahm [1909] found that a body, 
formed from silk, and resistant to hydrolysis by acid, could only be 
completely hydrolysed by alkali. 
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(g) Determination of the Completion of Hydrolysis. 


The completion of the hydrolysis has usually been ascertained by 
performing the biuret test on the solution and on any residue remain- 
ing when the time of hydrolysis is completed. Further hydrolysis is 
required if the biuret test is positive. Many proteins are hydrolysed 
with great slowness and, as has been pointed out by Osborne and 
Jones [1910, 3], boiling with acids for a much longer time than stated 
above is necessary; in the case of caseinogen, Osborne and Guest 
[1911] found that hydrolysis with concentrated hydrochloric acid was 
only complete after three to five days. 

The biuret test is not altogether a satisfactory way of determining 
the completion of hydrolysis. It is necessary to determine whether 
an increase of ammonia and amino nitrogen occurs on a further period 
of six or eight hours’ boiling. This increase can be estimated either 
by Van Slyke’s amino nitrogen method or by Sorensen’s method of 
titration with formalin. 


(i) Van Slyke’s Amino Nitrogen Method. 


The hydrolysis is carried out in a tared flask under a reflux con- 
denser ; after six or eight hours the heating is discontinued. A portion 
of I or 2 c.c. is removed with a pipette and diluted to 10cc. The 
amino nitrogen is estimated in this solution as described on pp. 89-96 ; 
the reaction is allowed to proceed for five minutes in the stationary 
apparatus and subsequently shaken for one minute. The flask in 
which the hydrolysis is carried out is weighed, and the boiling con- 
tinued for another six or eight hours. The flask is again weighed to 
ascertain if the solution has become more concentrated; water may 
be added to replace the loss or a correction made for the decrease in 
volume. The hydrolysis is continued until the amino nitrogen is 
constant. 


(ii) Sorensen’s Titration Method with Formalin. 


Sorensen [1907] proved that amino acids could be accurately 
estimated in solution by titration with alkali after they had been treated 
with neutralised formalin. The reaction of the amino acid with 
formalin results in the formation of a methylene compound, the neutral 
amino acid becoming a free carboxylic acid :— 
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Some modification of the method is necessary for the titration of 
amino acids when they are present in dark brown solutions such as 
result from the hydrolysis of proteins. Sorensen and Jessen-Hansen 
[1907] have given the following procedure: The reaction of the solu- 
tion must be approximately decinormal; 25 c.c. of such a solution is 
used and placed in a 50 c.c. measuring flask. If the solution is not 
of this concentration in acid, 20 c.c. are taken and treated with -5N 
hydrochloric acid or sodium hydrate as required to produce the proper 
acidity. In the case of a solid substance 1-3 grams are dissolved in 
25 c.c, of ‘tN hydrochloric acid. Four c.c. of 2N barium chloride solu- 
tion (244 grams per litre) are added and then gradually about 20 c.c. of 
°33N silver nitrate solution (56°7 grams per litre), which is best dropped 
into the solution from a small measuring cylinder. After each addition 
of silver nitrate the mixture is frequently and thoroughly shaken. The 
foam settles on standing for a short time and the flask is then filled with 
water free from carbon dioxide ; if great accuracy is required four drops 
‘more of water are put in to allow for the volume of the silver chloride. 
The solution is filtered through an 11 cm. filter paper, taking care to 
bring as much as possible of the precipitate upon the filter. The 
filtrate, which is at first cloudy, is again poured carefully on the filter. 
The filtrate is now quite clear, and 15 or 30 cc. are titrated with forma- 
lin using phenolphthalein as indicator. The reagents required are (1) 
a solution of 0°5 gram of phenolphthalein in 50 c.c. alcohol + 50 cc. 
water ; (2) a neutral formalin solution which must be prepared fresh 
for every series of experiments. It is prepared by adding 1 cc. of 
phenolphthalein solution to 50 c.c. of commercial formalin (30-40 per 
cent.) and adding °2N baryta or sodium hydrate solution until it has a 
faint pink colour, In order to be sure of the end point in the titration 
a control colour is prepared in the same volume of liquid as is used in 
the actualexperiment. F.g., Io c.c. of the formalin solution are added 
to 20 c.c. of boiled distilled water: 5 c.c. of -2N baryta or sodium 
hydrate are added and the solution titrated with -2N hydrochloric 
acid, which is dropped in until the solution has a faint pink colour. 
A drop of ‘:2N baryta or soda is added to produce a distinct red 
colour. Twenty c.c. of the solution! to be estimated are treated with 
10 c.c. of the formalin solution and then with :-2N baryta or soda until 
there is a red colour; a few more c.c. of alkali are added. The solu- 
tion is titrated with -2N hydrochloric acid until the colour is paler 


' Henriques and Gjaldbak [1g10] neutralise the solution to litmus before titrating in the 
presence of formalin, 
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than that of the control and finally ‘2N alkali is added until the 
colour matches that of the control. To the control solution two drops 
of ‘2N alkali are now added so as to produce a deep red colour, and 
alkali is added to the solution until it attains the same deep red colour. 
The difference between the alkali and acid used in the solution and in 
the control (from 0-0:2 c.c.) gives the titration figure. 


(4) Hydrolysis with Enzymes. 


Hydrolysis by the action of proteoclastic enzymes is never com- 
plete. The earlier investigators always observed that a complex 
body—antipeptone—resistant to the further action of trypsin was 
formed. Fischer and Abderhalden [1903, 1, 2] have confirmed this 
observation and have found that the resistant body contains all the 
phenylalanine and proline present in the protein molecule CVC apy. 
the combined action of pepsin and trypsin, although phenylalanine 
and proline are formed under these conditions, a body resistant to 
hydrolysis by trypsin still remained. Almost complete hydrolysis 
may be effected by trypsin and the enzymes in the small intestine 
if a sufficiently long time be given for the digestion. 

Henriques and Gjaldbak [1910] estimated the amount of unhydro- 
lysed protein, and found that in a prolonged digestion some 5-10 
per cent. of the amino nitrogen still remained in combination. 

Hydrolysis by enzymes, though of use in the discovery of new 
units in the protein molecule, is not serviceable for a complete analysis 
of the decomposition products. 
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I THe TSOLATION AND. ESTIMATION OF THE UNITS. 


The units composing the protein molecule belong to four different 
classes of organic compounds, but are divided into two main groups for 
the purpose of isolation and estimation :— 

A. The mono-amino acids, including proline and oxyproline. 

Tyrosine and cystine differ from the other mono-amino acids by 
their extremely slight solubility in neutral aqueous solutions. They 
are therefore easily obtained after hydrolysis by acids by neutralising 
and concentrating the solution, when they crystallise out. 

B. The di-amino acids, including histidine. The three compounds 
in this group were formerly called the hexone bases on account of 
their basic properties and the fact that each of them contains six 
carbon atoms. | 

The remaining unit, tryptophan, is almost completely destroyed 
by hydrolysis by acids; it is usually.isolated after hydrolysis by trypsin. 

Ammonia (amide nitrogen) is estimated by hydrolysing the protein 
with concentrated hydrochloric acid, removing the great excess of acid 
by evaporation under reduced pressure, adding excess of magnesia, 
distilling off the ammonia zz vacuo and collecting it in excess of 
standard acid. This operation is usually carried out in the determina- 
tion of the distribution of the total nitrogen amongst the two main 
groups (p. 97). The estimation of ammonia is frequently combined 
with the estimation of the di-amino acids (p. 55). 

The separation and estimation of the two main groups of amino 
acids is generally not carried out in one experiment, but only when 
the amount of protein available is small, as very different quantities 
of material are required. Thus, the di-amino acids can be determined 
in 25-50 grams of protein with considerable accuracy, whereas the 
mono-amino acids can only be determined with fair accuracy when 
250-500 grams of protein can be used. The two processes, of 
which the details are given under the two sections, may be combined 
as follows :— 

The protein is hydrolysed by boiling for fifteen to twenty-four hours 
with six times its quantity of 25-30 per cent. sulphuric acid. The 
solution is neutralised with baryta and the filtrate and washings from 
the barium sulphate are evaporated down toasmall volume. Tyrosine 
(and cystine) crystallise out. The filtrate is diluted with water and 
sulphuric acid added till the content of acid is 5 per cent. The 
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di-amino acids are then precipitated with phosphotungstic acid (pp. 60, 
98); from this precipitate they are obtained by decomposition with 
baryta and separated by means of their silver compounds as described 
in section B (p. 55). The filtrate is freed from phosphotungstic acid 
and sulphuric acid with baryta, excess of which is removed with carbon 
dioxide and sulphuric acid, and then treated for the other mono-amino 
acids as described in section A (p. 33). 

On the whole it is not advisable to combine the two processes, 
since the phosphotungstic acid precipitation does not effect a perfect 
separation of the two groups and considerable loss occurs, 
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A. THE MONO-AMINO ACIDS, 
Tyrosine. 


(1) /solation and Gravimetric Estimation. 


Hydrolysis by sulphuric acid possesses one great advantage over 
that by hydrochloric acid, as it can be subsequently completely and 
easily removed by baryta. 

The protein is hydrolysed by boiling with five to six times its 
quantity of 25 per cent. sulphuric acid for twelve to fifteen hours ; the 
solution, after filtration, is diluted with twice its volume of water and 
neutralised with barium carbonate, or a strong solution of baryta, the 
excess of which is then quantitatively removed by dilute sulphuric 
acid, The solution, together with the water used in thoroughly wash- 
ing the precipitate of barium sulphate, is then evaporated down, 
until the compound crystallises out. It is filtered off, the filtrate is 
concentrated, and further crops of crystals are removed until the 
mother liquor no longer gives Millon’s reaction for tyrosine. The 
amount of cystine in most proteins is so small that the product 
generally consists only of tyrosine. It is purified by recrystallisation 
from water, decolorisation of the solution being effected by charcoal. 
The yield of tyrosine so obtained is the measure of its amount in the 
protein. 

On account of the insolubility of tyrosine and the difficulty of 
filtering and completely washing the barium sulphate precipitate in 
order to abstract from it the whole of the tyrosine, Abderhalden and 
Teruuchi [1906], in the case of silk, hydrolysed the protein with 
hydrochloric acid, the greater part of which was then removed by 
evaporating several times zz vacuo after diluting the concentrated 
solution with water ; the remainder of the hydrochloric acid was then 
estimated in a small aliquot portion, and the main bulk neutralised 
with the calculated amount of caustic soda. The tyrosine then cry- 
stallised out and was purified by recrystallisation from water. 

Abderhalden [1912] shortened the process by hydrolysing the silk 
by boiling for three hours with three times its quantity of concentrated 
hydrochloric acid, evaporating the solution to dryness repeatedly zz 
vacuo to remove the hydrochloric acid, dissolving the residue in water 
and passing in ammonia gas, or dissolving in ammonia, again evaporat- 
ing 7 vacuo to dryness and treating the residue with cold water. 


ET i, 2 
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Tyrosine remained. It is better to dissolve the residue in hot water, 
decolorise with charcoal, and allow the tyrosine to crystallise out. 

When large quantities of protein are under investigation, the 
removal of the hydrochloric acid, after evaporation z% vacuo, is effected 
by treating the solution with cuprous oxide until it is green in colour, 
filtering off and washing the cuprous chloride, and removing dissolved 
copper by hydrogen sulphide: A current of air is then passed 
through the solution to remove the hydrogen sulphide, and the re-. 
mainder of the hydrochloric acid is either neutralised with the calcu- 
lated quantity of soda or is removed by treating with silver carbonate. 
The solution on concentration deposits the tyrosine. 

Levene and van Slyke [1908, 2] prefer the use of hydrochloric 
acid to that of sulphuric acid for separating tyrosine on account of the 
difficulty of completely extracting it from the barium sulphate precipi- 
tate and of obtaining it in a state of purity. Their procedure is the 
following: The protein is hydrolysed with concentrated hydrochloric 
acid; the solution is concentrated and saturated with gaseous hydro- 
chloric acid. Glutamic acid hydrochloride separates out. The filtrate 
and washings from this precipitate are concentrated z” vacuo to remove 
the greater part of the hydrochloric acid. The solution is then 
diluted to 7 litres (for 400 grams protein) and boiled with lead oxide 
till its reaction is alkaline. The lead oxide is prepared by precipita- 
tion with baryta, washed by decantation and preserved in the form of 
a paste. The precipitate of lead oxychloride is filtered off when the 
solution has cooled. It retains the resinous matters and a nearly 
colourless filtrate results. The remainder of the chlorine, which is 
estimated in an aliquot portion, is removed by means of the calculated 
quantity of silver sulphate, the excess of lead by adding sulphuric acid 
and passing in hydrogen sulphide, and of sulphuric acid by baryta. 
On concentrating the solution to one-seventh almost pure tyrosine 
separates out; it is filtered off, washed, dried and weighed. A portion 
of the other amino acids can be obtained by further concentration, 
and treated for leucine and valine (see p. 45). The di-amino acids are 
then precipitated (pp. 60, 98) and the filtrate is treated for the other 
monoamino acids. 

If the solution be highly concentrated a mixture of tyrosine and 
leucine may separate out. This mixture may be separated by treat- 
ing with glacial acetic acid. Leucine is soluble, tyrosine is insoluble 
[Habermann and Ehrenfeld, 1902]. 


1 Levene and Van Slyke [1910] state that excess of lead oxide should be avoided so as to 
prevent the formation of the insoluble lead salt of tyrosine. 
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The data for tyrosine by the gravimetric method by various workers 
are in some cases quite concordant, but there are instances in which 
the data are very different, e.g., Abderhalden and Langstein [1910] give 
4°6 per cent. for the amount of tyrosine in caseinogen, whereas Osborne 
and Guest [1911] were only able to isolate 3:4 per cent. The same 
quantity was obtained by Totani [1916]. Totani was able to isolate 
up to 4°1 per cent. by the further treatment of the liquid with 
mercuric sulphate. Osborne and Clapp [1907, 8] have emphasised the 
fact that from zein it is extremely difficult to crystallise the whole of 
the tyrosine, and Abderhalden and Fuchs [1913] also make a similar 
statement. They state further that better yields are obtained by 
evaporating the solutions zz vacuo, which prevents access of acid and 
alkali vapour which keeps the tyrosine in solution and prevents it from 
crystallising. Sometimes the basic di-amino acids such as lysine form 
a combination with tyrosine preventing crystallisation. It may be 
generally considered that all these data are minimal. 

In order to obtain tyrosine E. K. Marshall, jun. [1913], pointed out 
that it was made more quickly and with less manipulation if it were 
prepared by the tryptic digestion of caseinogen. Pig’s pancreas was 
finely minced, mixed with an equal weight of water, and allowed to 
stand in the presence of chloroform for two days, whereupon the mix- 
ture was incubated at 37° for twenty-four hours, cooled and filtered. 
100-150 grams of caseinogen are added per litre of filtrate, the solu- 
tion is made slightly alkaline with ammonia and digested at 37° for 
three to seven days. Tyrosine separates out and is filtered off after 
cooling. The solid matter is extracted with 1000, 500, and 250 
c.c. of boiling water and these extracts are evaporated to 250 c.c. 
The tyrosine which crystallises out is obtained quite pure by one re- 
crystallisation. The yield is given as 5 grams from 100 grams of 
caseinogen and 1°2 grams from 1 litre of pancreas extract. 

This method of preparation of tyrosine has been used for many 
years by the author by digesting caseinogen dissolved in alkali with 
various preparations of trypsin. The yields were never so high as the 
3°8 per cent. obtained by Marshall; on the average about 2°5 per cent. 
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(2) Colorimetric Estimation. 


Folin and Denis [1912, 2] introduced a method for the quantita- 
tive estimation of tyrosine in proteins depending upon the blue colour 
which tyrosine gives with a phosphotungstic-phosphomolybdic reagent 
foros: 

The estimation is carried out as follows :— 

A weighed quantity—about 1 gram—of dried protein is hydrolysed 
by boiling under a reflux condenser for twelve hours with 25 c.c. of 
20 per cent. hydrochloric acid. The solution is transferred to a 100 
c.c. measuring flask and made up to volume. One or two c.c. of this 
solution are placed in a 100 c.c, flask, 5 c.c. of the reagent * are added, 
and after five minutes 25 c.c. of a saturated solution of sodium car- 
bonate, The volume is made up to 100 c.c. with water. At the same 
time 5 c.c. (= 1 mgm.) of a standard tyrosine solution * are placed 
in another 100 c.c. measuring flask and treated in the same way. The 
maximum blue colour develops in halfan hour. After this time the 
colours of the two solutions are matched in a Duboscq colorimeter, 
the standard being set at 20 mm. The solutions, if not clear, are 
filtered before making the comparisons. 

Folin and Denis’ results, compared with the gravimetric data, 


WCeiC.— 


Colori- Gravi- Colori- Gravi- 

metric, metric, metric, metric, 

per cent, per cent. per cent. per cent, 
Wool (sheep) . 5 6:0 2°4 Caseinogen 6°5 4°5 
Hair (human : 4°3 3°0 Vitellin 5'2 3°4 
Horn (cow) : ; 6°5 4°6 Conalbumin 4°9 — 
Gelatin : , PamtrtAce — Ovalbumin 5°0 1°8 
Ovomucoid : ‘ 5°4 Lactalbumin : : 4°9 0°9 
Globulin (flax seed) . 3°3 — Globulin (castor bean) 4°3 — 
Glycinin (soy bean) 4°0 I°9 Vignin (cow pea) 4°6 Pp 
Phaseolin (white bean) 4°5 Pe) Legumin (pea) 4°5 2°8 
Globulin (squash seed) 4'9 1°4 Glutelin (maize) 6°5 — 
Corylin (hazel nut) 4°0 — Zein (maize). 555 3°6 
Edestin (hemp seed) . 5°2 oar Hordein (barley) Av] 17 
Amandin (almond) 4°7 Tei Gliadin (wheat) . 3°3 2°4 
Globulin (cotton seed) Aw 2°3 Glutenin (wheat) 5°8 4°3 


In all cases the values by the colorimetric method are higher than 
those by the gravimetric. These higher values for tyrosine were shown 
by Folin and Denis not to be due to the reaction taking place with 


1 r00 grams of sodium tungstate, 20 grams of phosphomolybdic acid and 50 c.c. of 85 
per cent. phosphoric acid are added to 750 c.c. of water. The solution is boiled for two 
hours under a reflux condenser, cooled and diluted to tooo c.c. 2 ¢c.c. of this reagent will 
give the maximum colour with 1 mgm. of tyrosine. 

2 Pure tyrosine dissolved in ‘tN HCl so that 5 c.c. contain 1 mgm. of tyrosine. 
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other amino acids, all of which were tested except tryptophan, oxy- 
tryptophan and oxyproline, nor to the formation of phenols during 
hydrolysis. They therefore concluded that, in the absence of any 
amino acid at present unknown, these values more correctly represent 
the amounts of tyrosine in proteins than the gravimetric values. 

Abderhalden and Fuchs [1913] subsequently maintained that the 
values for tyrosine by the gravimetric method were more exact than 
those by the colorimetric method. They showed that tyrosine added 
to gelatin could be almost entirely recovered from the mixture of the 
products of hydrolysis, and that a reaction was given by oxytryptophan 
and by tryptophan. These reactions are not of a similar colour in- 
tensity as the reaction with tyrosine. 

Folin and Denis [1913] conceded that their figures may be a little 
too high, but do not consider that the presence of tryptophan, though 
it may react after boiling with acids, will cause the great differences 
‘observed especially as the higher results are of a similar magnitude with 
caseinogen and with zein. 

Abderhalden [1913] stated that oxyproline gave a blue colour re- 
action with the reagent, but seeing that gelatin with 3 per cent. of 
oxyproline only shows a trace of colour and that other proteins prob- 
ably contain still smaller amounts of oxyproline, the error due to 
oxyproline, together with that due to oxytryptophan and tryptophan, 
is not sufficient to account for the differences. We must therefore 
conclude that the data by the colorimetric method more nearly repre- 
sent the actual amount of tyrosine in proteins than the data by the 
gravimetric method. 
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(3) Estemation by Brominatton. 


It was shown by J. H. Millar [1903] that tyrosine was readily 
brominated and converted into dibromotyrosine, and that the amount 
of tyrosine in a simple mixture of amino acids could be accurately 
estimated by means of this reaction. 

A, J. Brown and E. T. Millar [1906] using this reaction showed 
that the tyrosine in proteins was completely liberated at a very early 
stage in the hydrolysis by trypsin. Their data gave the tyrosine con- 
tent of edestin as 4'06 per cent., a figure which is considerably higher 
than that obtained by direct isolation (2:1 per cent.). They made no 
estimations of tyrosine in other proteins. 

Plimmer and Eaves [1913] studied this reaction more closely with 
a view to the estimation of tyrosine in proteins. It was not found 
possible to apply the reaction to the products of hydrolysis of proteins 
by acids, since tryptophan, though almost entirely decomposed by 
boiling with acids, gave rise to products which absorbed bromine, but 
if the hydrolysis of the protein were effected by the action of trypsin, 
and if the amount of bromine absorbed were determined after about 
six hours, values for tyrosine were obtained which agreed closely with 
those by the gravimetric method. If the amount of- bromine absorbed 
was determined after twenty-four to twenty-eight hours’ hydrolysis, 
the values for tyrosine were very similar to those by the colorimetric 
method of Folin and Denis. 

The procedure was to digest a known weight of protein in faintly 
alkaline solution with trypsin, to remove measured volumes of the 
digest after the stated period, and to treat this volume with a 5 per 
cent. solution of phosphotungstic acid in 5 per cent. sulphuric acid to 
remove histidine, which absorbs bromine. A measured volume of the 
filtrate was treated with a known volume of :2N sodium bromate solu- 
tion and 10-20 c.c. of 20 per cent. sodium bromide solution. After 
half an hour the excess of bromine was determined by titration with 
thiosulphate solution, using starch and sodium iodide as indicator. 
At the same time the same volume of trypsin solution was digested 
by itself and treated in a similar way so as to deduct the amount of 
tyrosine in this solution. 

The values of tyrosine by bromination are given in the following 
table and are compared with the gravimetric and colorimetric :— 
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Z acral Gravimetric, eb es : os Colorimetric, 
per cent. percent, digestion. ee. 
Caseinogen 53 4°5 6°3 6°5 
‘¢ Peptone Roche ” 10°2 — 10"2 — 
Silk fibroin . 9°51 g to 10°5 a — 
Conglutin . 1°3 POF ce! — 
Legumin ao 2°8 4°2 4°5 
Edestin ty, 2% 3°62 52 
Vignin : 3°4 2°3 6°0 4°6 
Globulin (squash seed) 322 3-5 5°83 4°9 
Amandin 2°9 £1 5°1 4°7 
Glycinin : ; IE I'9 35 4°0 
Excelsin . 3 ‘ 2°5 3'T 4°6 — 
1 By acid hydrolysis. 25°2 after forty-eight hours. 


The bromination method thus does not decide whether the gravi- 
metric value or the colorimetric value represents the tyrosine content 
of protein the more accurately and consequently is of little value for 
‘determining the tyrosine content of proteins. It may prove of use to 
ascertain the amount of tyrosine in the impure tyrosine which is iso- 
lated from proteins, if this impure tyrosine is shown to be free from 
tryptophan. The gravimetric values may then be found to be higher 
than those given by the various workers, who have usually only 
weighed pure recrystallised tyrosine. 
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Cystine. 
(1) /solatzon and Gravimetric Estimation. 


With few exceptions cystine has not been isolated from the pro- 
ducts of hydrolysis of proteins other than the keratins, and in these 
cases usually mixed with tyrosine from which it required separation. 
Morner [1901-2], who first isolated cystine from the products of 
hydrolysis, heated the protein—hair, keratin from horn, egg-shells, 
etc.—with five times its quantity of 13 per cent. hydrochloric acid 
under a reflux condenser on a water-bath for six to seven days. The 
solution was then decolorised with charcoal and evaporated zz vacuo, 
and the residue dissolved in 60-70 per cent. alcohol. On neutralisa- 
tion with soda a mixture of cystine and tyrosine separated out. 

Embden [1900] hydrolysed horn by boiling under a reflux with 
three times its quantity of concentrated hydrochloric acid. The liquid 
was neutralised to amphoteric reaction and allowed to stand for not 
more than twenty-four hours. The black pigment (melanin) was 
filtered off and the filtrate after acidifying was boiled with charcoal. 
The pale yellow filtrate gave on standing in a cool place a large 
precipitate of tyrosine and cystine. Further quantities were obtained 
in the same way on concentrating the mother liquor. 

Some alterations in this procedure were made by Friedmann [1902], 
The hydrolysed protein was nearly neutralised with a concentrated 
solution of caustic soda, decolorised by boiling with large amounts 
of charcoal, and allowed to cool. Cystine and tyrosine crystallised out. 

A simple method of preparing cystine from wool was described by 
Folin [1910]. The wool is boiled with concentrated hydrochloric acid 
in the proportion of 100 grams of wool to 200 c.c. of acid for three to 
five hours. The hot solution is then neutralised to congo red by adding 
sodium acetate in the form of crystals. Almost the whole of the cystine 
separates out on standing. After several hours the precipitate is dis- 
solved in 3-5 per cent. hydrochloric acid, the solution is boiled with 
charcoal, and the hot colourless solution is neutralised as before by 
adding a hot concentrated solution of sodium acetate. Cystine 
separates out in the characteristic hexagonal plates as the solution 
cools. No data of the yield were given. 

The mother liquor on dilution and on standing deposits tyrosine. 
This is most readily purified by dissolving in hydrochloric acid, de- 
colorising the solution with charcoal, and then neutralising exactly 
with ammonia, when almost pure tyrosine separates out. 
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(2) Separation of Cystine and Tyrosine. 


The mixture of cystine and tyrosine was separated by Morner by 
fractional crystallisation from ammonia; if much tyrosine was present 
it separated out first, but if cystine exceeded tyrosine in quantity this 
compound crystallised out first; the remainder was only separated 
with difficulty. 

The method adopted by Embden and followed by Friedmann was 
the solution of the tyrosine from the mixture, suspended in water, by 
the addition of very dilute nitric acid. The separation could be 
checked by microscopic observation of the crystals, the needle-shaped 
crystals of tyrosine dissolving whilst the plates of cystine remained. 
After washing free from acid with water, the cystine was recrystallised 
from ammonia. 

Separation of the mixture was effected by Abderhalden [1903] 
and by Abderhalden and Pregl [1905, 2] by dissolving in ammonia 
and adding glacial acetic acid keeping the reaction alkaline; tyrosine 
was precipitated: on acidifying with glacial acetic acid the cystine 
separated. 

The separation of cystine from hydrolysed Bence-Jones protein by 
Hopkins and Savory [1911] was carried out by precipitation of a 
tryptic digest with mercuric sulphate in acid solution (see under 
tryptophan). Before the second precipitation the solution was con- 
centrated after removal of the acid ; cystine crystallised out, 

The precipitation of cystine by mercuric sulphate in 5 per cent. 
sulphuric acid solution in which the mercury compound of tyrosine is 
soluble was used by Osborne and Clapp in the cases of squash seed 
globulin [1907, 6], and wheat gliadin [1906] respectively. 

Winterstein [1901] showed that cystine was precipitated by phos- 
photungstic acid, but the observation seems to have been overlooked. 
Cystine and tyrosine can be separated by means of this reagent. The 
mixture is dissolved in 5 per cent. sulphuric acid and treated with 
excess of phosphotungstic acid solution. Cystine phosphotungstate 
generally separates out in a crystalline condition. From this precipi- 
tate the cystine can be obtained by the usual method (see under 
di-amino acids), but a large excess of baryta must be avoided as 
cystine is readily decomposed by alkalies, Cystine crystallises out on 
neutralising the filtrate from the barium phosphotungstate. Winter- 
stein decomposed the phosphotungstate with hydrochloric acid. The 
precipitate is made into a paste with water, placed in a separating 
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funnel and treated with small quantities of concentrated hydrochloric 
acid. Ether is added and the mixture well shaken. At first an. 
emulsion is formed, but on adding more ether and acid and thoroughly 
shaking a clear ethereal solution of phosphotungstic acid settles to the 
bottom ; if this does not occur, decomposition is not complete and 
more acid must be added and the shaking repeated. The middle layer 
containing the cystine hydrochloride is separated ; the other layers are 
treated once more in the same way and the middle layers are combined. 
Ether is removed from the acid solution by warming on the water- 
bath and the cystine is separated by exactly neutralising with soda. 

The separation of cystine and tyrosine has been examined by 
Plimmer [1913]. Neither the phosphotungstic acid method nor the 
mercuric sulphate method was found to be satisfactory, as loss of 
both substances occurred, In the case of phosphotungstic acid some 
tyrosine was carried down with the precipitate and was only removed 
by prolonged washing, and some of the cystine was decomposed in 
recovering it from its phosphotungstate. In the case of mercuric 
sulphate, the cystine is not completely precipitated. A quantitative 
separation of the two compounds was effected by means of absolute 
alcohol saturated with hydrogen chloride. Tyrosine is converted into 
its ethyl ester hydrochloride; cystine is not acted upon. The mixture 
of the two compounds is covered with the alcoholic hydrochloric acid 
and warmed upon the water-bath to dissolve the tyrosine. An equal 
volume of absolute alcohol is now added to precipitate any cystine 
which may dissolve. The undissolved cystine is filtered off and 
washed with absolute alcohol till it is free from acid and recrystallised 
from ammonia in the usual way. The filtrate containing the tyrosine 
ester is diluted with two volumes of water and boiled for eight hours, 
water being added when necessary. The ester is thus hydrolysed and 
on neutralising the tyrosine is precipitated. 

The usefulness of this method is shown by the treatment of pre- 
sumably pure tyrosine prepared from wool by Folin’s method for ob- 
taining cystine; one specimen of 5 grams contained 0°05 gram of 
cystine, another specimen of 4 grams yielded o'2 gram of cystine. 
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Tryptophan. 
(1) lsolation and Gravimetric Estimation. 


Tryptophan is not obtained by the hydrolysis of proteins by acids 
owing to its decomposition and is prepared by the action of trypsin. 
By the method of Hopkins and Cole [1901, 2] the protein is digested 
in alkaline solution by trypsin, until the solution gives a maximal 
coloration when tested with bromine water; the solution is acidified, 
boiled and filtered. The clear solution (better after concentrating zz 
vacuo and filtering off tyrosine, which crystallises out) is acidified with 
sulphuric acid until it contains 5 per cent., and then I0 per cent. 
mercuric sulphate in 5 per cent. sulphuric acid solution is added as 
long as a precipitate, which contains tryptophan, cystine and tyrosine, 
is formed. The yellow precipitate is freed from tyrosine by washing 
with 5 per cent. sulphuric acid in which the tyrosine compound is 
soluble, that is, until the washings no longer react with Millon’s 
reagent. The precipitate is decomposed by sulphuretted hydrogen, 
and the solution containing cystine and tryptophan after removing the 
hydrogen sulphide is again acidified with sulphuric acid to 5 per cent. 
and fractionally precipitated with the mercuric sulphate reagent. The 
cystine is thrown down first, filtered off, and then the tryptophan is 
precipitated. The precipitate is again decomposed by hydrogen sul- 
phide, and the solution, freed from sulphuric acid, is evaporated down, 
alcohol being continually added to hasten the evaporation and prevent 
decomposition of the tryptophan, which crystallises out. It is purified 
by recrystallisation from water. The yield represents its amount in 
the protein. 

Neuberg and Popowsky [1907] introduced a few alterations in the 
procedure, such as evaporation to one quarter and filtration from tyro- 
sine before precipitating with mercuric sulphate; in decomposing the 
precipitate with hydrogen sulphide they make the solution faintly 
alkaline with baryta and treat with the gas for twenty-four hours, 
warming several times. The removal of sulphuric acid in the last 
operation is carried out with lead carbonate in ammoniacal solution, the 
lead being subsequently removed with hydrogen sulphide. 

Abderhalden and Kempe [1907, 1] made very little alteration in 
the procedure of Hopkins and Cole beyond evaporation of the solutions 
2m vacuo and removal of hydrogen sulphide with a current of carbon 
dioxide. The yield of tryptophan obtained by these workers (0°53 
per cent.) is less than the yield mentioned by Hopkins and Cole in the 
case of caseinogen (1°5 per cent.). Usually about 1 per cent. is ob- 
tained from caseinogen, 
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(2) Colorimetric Estimations. 


Attempts have been made by several investigators to estimate the 
amount of tryptophan in proteins by colorimetric methods. 

1. Levene and Rouiller [1906-07] suggested a procedure depend- 
ing upon the bromine absorption of tryptophan. The protein was 
digested by trypsin and the tryptophan precipitated by mercuric 
sulphate as described above. This precipitate was decomposed by 
hydrogen sulphide in 1-2 per cent. sulphuric acid solution and the 
filtrate from the mercuric sulphide made up to a definite volume. To 
15 c.c, of this solution 2 c.c. of amyl alcohol were added and then 
gradually bromine water with vigorous shaking. The end point was 
reached when the purple colour of the amyl alcohol disappeared and 
became yellow. 

The absorption of bromine is influenced by the presence of tyrosine 
and cystine, which are precipitated by mercuric sulphate with trypto- 
phan. The amount of tyrosine thrown down is negligible, if the 
mercuric sulphate reagent is added only as long as the solution gives 
a reaction for tryptophan with bromine water and if the precipitate is 
washed until the washings give no reaction for tyrosine. A correction 
is made for the absorption by cystine, the amount of cystine in the 
solution being determined by a sulphur estimation. The bromine 
water used is standardised against solutions of tryptophan and cystine. 

Up to the present no values of the amount of tryptophan in pro- 
teins have appeared, the further work of these authors [1907] being 
concerned with the hydrolysis of the protein by baryta and the nature 
of the bromine derivatives of tryptophan. They found that tryptophan 
was not completely separated from protein by the hydrolysis with 
baryta unless the hydrolysis was prolonged and that under these con- 
ditions the colour reaction was not satisfactory. By a short hydrolysis 
polypeptides containing tryptophan are present, which also absorb 
bromine and affect the estimation. At the stage when a violet colour 
is produced by bromine water they consider that a mixture of mono- 
and dibromo-tryptophan is present and that the dibromide is present 
when excess of bromine has been added. 

2. Proteins containing tryptophan give a reddish-violet to blue 
colour reaction with glyoxylic acid and sulphuric acid—the Adamkie- 
wicz-Hopkins reaction. It is positive for a concentration of tryptophan 
of 1 in 100,000. This reaction has been made use of by Fasal [1912] 
for estimating tryptophan in proteins and is carried out in the follow- 
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ing way: Solutions of tryptophan of a concentration of I in 1000, 
I in 2000, I in 3000 and so on up to I in 10,000 are prepared and 
also I in 20,000 up to I in 50,000. To 1 cc. of these solutions in 
test tubes of equal size and bore are added 2 cc. of glyoxylic acid 
solution! and 6 c.c. of concentrated sulphuric acid. A series of 
coloured solutions from deep blue to red-violet result. A known 
weight (about o'1 gram) of previously purified and dried protein is 
placed in another test tube and treated with 2 c.c. of glyoxylic acid 
and 6 c.c. of concentrated sulphuric acid. The colour so produced is 
compared with the other colours. The one showing the closest com- 
parison is then matched with the one from the protein in a Duboscq 
colorimeter, the cups of which are entirely made of glass. Readings 
are taken from both above and below in the usual manner. Usually 
the comparison was made with the tryptophan solution I in 4000, 
Z.é., 1 C.c, = 0'00025 gram tryptophan. If the colorimeter readings 
were for example 22 : 18 (standard) the protein contains 1:23 times as 
much tryptophan as the solution, ze, o°1 gram protein contains 
0'00025 x 1°23 gram tryptophan or 0°3 per cent. 

In most cases the colours could be matched fairly well, but in some 
cases the comparison was difficult owing to brown shades in the pro- 
tein solution. This could be sometimes overcome by taking different 
amounts of protein. In these cases Fasal [1913] found that a com- 
parison was possible if the colours were compared in the apparatus 
with colour filters described by Sorensen.” Numerous estimations 
were made by Fasal; they are given in the following table in which 
the figures are the percentage of tryptophan :— 


Caseinogen é ‘ ‘ ; ~ 065 Epidermis ; : ; : «0230 
Edestin . ‘ F 2 : - 0°38 Cutis : ‘ ; : ‘ 3 @°0 
Lactalbumin . : Bo ee “3207 Psoriasis scales . ‘ 6 : = O48 
Liver tissue: : : . . 1°00 Carcinoma (epithelial) . 5 — FF 
Horn (0x) . : : : ; < OPT, - (liver) . : : Bey) 
Nail (human) . : : ; y Sess ” (mouse) . ‘ 2 <ont6 
Hair (human) . : : : <0 Sarcoma (rat) . ; ; : Ree er 
Wool (sheep) . ; ; ; - ae Carcinoma (breast) . 5 : ae 


The different kinds of keratin, for which the method was particu- 
larly devised on account of their insolubility by pepsin and trypsin, 
show very striking differences, The value for caseinogen is higher 
than that found by the gravimetric method by Abderhalden and 
Kempe, but lower than that found by Hopkins and Cole. The large 

1 Prepared by reducing a saturated aqueous oxalic acid solution with 3 per cent. sodium 


amalgam. 
2 Biochemische Zeitschrift, 1909, 21, 201. 
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amount of tryptophan in lactalbumin is most noticeable. Greater 
amounts of tryptophan were present in carcinoma than in the normal 
tissue, but tryptophan was absent in carcinoma of the breast. 

3. Tryptophan is decomposed by putrefactive bacteria with the 
formation of indole. An investigation by Herzfeld [1913, 1] into the 
formation of indole by the action of alkali (the highest yields being 
given by boiling with 1000 c.c. of 9 per cent. caustic soda and I gram 
of copper sulphate), showed that the estimation of tryptophan under 
these conditions was not practicable. Sanders and May [1912-13] 
have also tried to estimate tryptophan by the formation of indole. 
The pancreatic digest of protein was inoculated with facal bacteria, 
distilled, and the indole in'the distillate treated with nitrous acid. 
At the same time an indole solution was treated in a similar way and 
the colours compared. Caseinogen gave an amount of indole cor- 
responding to 1°6 per cent. of tryptophan. 

4. Herzfeld[1913, 2] determined the tryptophan content of several 
proteins by the colorimetric and spectrophotometric comparison of 
the colour given by tryptophan with /-dimethylaminobenzaldehyde 
and concentrated hydrochloric acid. A blue colour is given by this 
reagent with one part of tryptophan in 1,000,000. As a standard 
colour a solution of 1 gram of ignited copper sulphate dissolved in 
100 c.c. of water is used, I c.c. of this solution being treated with 20 c.c. 
of ammonia and diluted to 100 c.c._ This blue solution has the same 
colour as 0‘0001 gram of tryptophan in its reaction with f-dimethyl- 
aminobenzaldehyde and hydrochloric acid. The two are carefully 
compared before use. About 1 gram of the purified and dried protein 
is accurately weighed out and dissolved in 500 c.c. of O'5 per cent. 
sodium carbonate solution to which 0°5 gram of pancreatin is added. 
The solution is kept at 37° in the presence of chloroform and xylene. 
50 c.c. are then taken and treated with 10 c.c. of p-dimethylamino- 
benzaldehyde solution! and 40 c.c. of concentrated hydrochloric acid. 
After thirty minutes’ standing the blue colours are compared. The 
tryptophan content of the pancreatin is also determined and the 
amount deducted from the digest of protein with pancreatin. The 
colorimetric values agreed closely with the spectrophotometric. 

The tryptophan content of several proteins was determined :— 


1 20 grams p-dimethylaminobenzaldehyde dissolved in 500 c.c. conc. HCl and 500 c.c. 
water. 
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Albumin (blood) : . 0°95 per cent. Caseoglutin é : . 0°08 per cent. 


Albumin (milk) . : = (O°Om 95 Conglutin (yellow lupin) . o'06 ,, 
Fibrin (blood) . ; . 05 4 Edestin (oil seeds) in OSS 
Caseinogen : : . O51 re Globulin (squash seed) . o61 _,, 
Elastin ; : ‘ . 0°22 a Glutencasein (wheat gluten) 0°07 ,, 
Albumin (egg) . : 4: O52 ie Legumin (pea) . : se OLS. bate 
Keratin . i ; 0503 i, Plant-fibrin : ‘ s) OOfE 5; 
Witte-Pepton . ‘ He es an Plant-gelatin . : Se OU2G i, 
Bread (white)! . ‘ - 0°03 se Tyroalbumin . ; i O05" G5 
Milk . , 5 : af OFO2F Ai. Vitellin (squash seed) 11 O'30r 55 


169'g per cent. dry substance. 


These values are not in agreement with those found by Fasal in 
the cases of milk albumin, caseinogen, edestin and keratin (horn). 

In all cases the time of digestion of the protein was presumably 
twenty-four hours, and in this time the whole of the tryptophan is not 
likely to be liberated from the protein. A maximal colour reaction 
for tryptophan with bromine water as stated by Hopkins and Cole is 
only obtained after several days, and the rate of digestion of proteins 
is not likely to be the same; keratin is not dissolved by trypsin and 
hence the low value. 

The tryptophan content of the kidneys in normal and pathological 
conditions has been determined by this method by Kurchin [1914]; 
normal kidneys contained slightly more than pathological. 
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(3) Estimation by Bromtnation. 


The bromination of tryptophan with a view to its estimation in 
solution has been studied by Homer [1915]. Solutions of tryptophan 
were treated with excess of (a) nascent bromine liberated from 10 
c.c. of a sodium bromate solution (15°1 grams per 1000 c.c.) and IO 
c.c. of sodium bromide solution (51°5 grams per 1000 c.c.) by 5 c.c. 
of concentrated hydrochloric acid; (4) saturated bromine water. 
After varying periods of time, from thirty minutes to eight hours, the 
excess was titrated with -1N thiosulphate solution after adding 
potassium iodide. Under these conditions tryptophan was found to 
absorb eight atoms of bromine. The first reaction is identical with 
that used by Plimmer and Eaves in their estimation of tyrosine; these 
workers found that tryptophan absorbed six atoms of bromine. 

In carrying out the estimation in proteins the protein was hydro- 
lysed by boiling 100 grams with 350 grams barium hydrate dissolved 
in 2500 c.c. of water for 20 to 120 hours. In the absence of metallic 
salts tryptophan was found to be stable to the action of baryta (see 
above, 3). The baryta was removed with sulphuric acid and the 
solution acidified to 5 per cent. On the addition of the mercuric sul- 
phate reagent the tryptophan is precipitated. The precipitate was 
filtered off after forty-eight hours and washed until free from tyrosine; it 
was then suspended in 2 percent. sulphuric acid and decomposed with 
hydrogen sulphide. The filtrate from the mercuric sulphide was freed 
from hydrogen sulphide and treated with phosphotungstic acid to 
remove polypeptides, The filtrate containing the tryptophan was 
treated with baryta to remove phosphotungstic acid, and with sul- 
phuric acid to remove baryta, and made up to a definite volume (usually 
1000 c.c.). 50 c.c. of this solution were treated with sodium bromate 
and bromide solutions, and at the same time a tryptophan solution was 
treated in the same way. The excess of bromine was titrated with 
‘IN thiosulphate. From the bromine absorption of the tryptophan 
the amount of tryptophan in the solution was calculated and hence the 
amount in the protein. 

The tryptophan content of caseinogen was determined in this way 
and was found to be from 0°99-1'59 per cent. No other determina- 
tions were made. 
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THE OTHER MONO-AMINO ACIDS. 


The isolation and estimation of these units is usually not carried 
out separately, except occasionally for glutamic acid and glycine, 
The process is one which yields the mono-amino acids in sequence. 

The method generally adopted in isolating the other mono-amino 
acids is that first employed by E, Fischer [1901]. It has been modi- 
fied in certain details by his pupils, particularly Abderhalden [1910] 
and other workers have contributed to its improvement. 

Hydrolysis is more conveniently effected by concentrated hydro- 
chloric acid than by dilute sulphuric acid, and is carried out as 
mentioned on p. 9. 


(t1) Isolation of Glutamic Acid as Hydrochloride. 


The method of isolation of glutamic acid as hydrochloride was 
introduced by Hlasiwetz and Habermann [1873]. 

The solution of amino acids in 25 per cent. hydrochloric acid is 
concentrated zz vacuo to a half or a third of the original volume, and 
glutamic acid, if present in any large amount, is removed as its hydro- 
chloride by saturating the solution with dry gaseous hydrochloric acid. 
After allowing to stand at o° for some days, glutamic acid hydro- 
chloride crystallises out. This occurs in the case of caseinogen and 
certain vegetable proteins, which contain from 10-40 per cent. of this 
amino acid. The glutamic acid hydrochloride is filtered off after add- 
ing an equal volume of ice-cold alcohol, washed with alcoholic hydro- 
chloric acid, redissolved in water, and boiled with baryta to remove 
ammonia. The barium is removed with sulphuric acid and the gluta- 
mic acid is again precipitated as hydrochloride by saturating the 
solution with gaseous hydrogen chloride. It is usually quite pure. 
The mother liquor on further concentration may give further crops of 
glutamic acid hydrochloride. These are treated in the same way as 
the first crop. The whole of the glutamic acid in the protein is not 
always precipitated as hydrochloride; the remainder is then isolated 
later. The precipitation of glutamic acid hydrochloride is, however, so 
nearly complete that the yield is considered quantitative. Many com- 
parative determinations of the glutamic acid content of various pro- 
teins have been made by Abderhalden and his co-workers, and a series 
of values in numerous vegetable proteins and a few animal proteins 
have been published by Osborne and Gilbert [1906]. Abderhalden 

job, le 3 
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[1912] states that glutamic acid is most rapidly obtained from the 
hydrochloride by dissolving in water, passing in ammonia, evaporat- 
ing to dryness, and recrystallising from water. The remaining glutamic 
acid is obtained from the mother liquor by adding alcohol. 


(1a) Isolation of Glutamic Acid as Zinc Salt. 


In view of the sometimes incomplete separation of glutamic acid as hydrochloride, 
especially in the cases of the proteins containing less than ro per cent. of this unit and in 
view of its incomplete isolation as ester at a later stage, the observation of Kutscher [1903] - 
that glutamic acid forms a very insoluble zinc salt might be made use of to isolate it. The 
mixture of amino acids, after removal of the greater part of the hydrochloric acid by 
evaporation in vacuo, is diluted with water and boiled with excess of zinc oxide and allowed 
to cool. The precipitate consisting of the excess of zinc oxide and zinc glutamate is dis- 
solved in hot dilute acetic acid and treated with hydrogen sulphide. The filtrate on 
evaporation yields glutamic acid. 

A disadvantage of this method is the fact that leucine also forms a zinc salt which is 
soluble with difficulty. Theseparation of glutamic acid and leucine may be effected by the 
method of Osborne and Liddle [1g910, 2], z.e., neutralising the acidity of the glutamic acid 
and crystallising out the leucine. The glutamic acid is then obtained on acidifying and 
crystallising, or as hydrochloride. 


(Ib) Isolation of Glutamic and Aspartic Acids as Silver Salts. 


Glutamic acid and aspartic acid form silver salts which are not easily soluble in water 
[Habermann, 1875]. Siegfried [1891] was able to isolate aspartic acid as silver salt and 
Kutscher [1903] has shown that the solubility of the silver salts of these amino acids in 
water is very slight. Kutscher devised a method for isolating these units depending upon 
the insolubility of the silver salts. The mixture of amino acids after hydrolysis with 
sulphuric acid and removal of the di-amino acids, or similarly after hydrolysis with hydro- 
chloric and removal of di-amino acids, is evaporated 7m vacuo to remove as much as possible 
of the hydrochloric acid; its removal is completed as silver chloride. The solution is 
treated with silver nitrate or better another soluble silver salt and baryta water carefully 
added, avoiding excess which decomposes the silver salts. This may be tested by with- 
drawing a drop of the solution and placing it in contact with a drop of ammoniacal silver 
nitrate; a turbidity indicates that more baryta is required. The silver salts are decom- 
posed and the mixture is separated, either by preparing glutamic acid hydrochloride, or by 
preparing the zinc salts; the zinc salt of aspartic acid is easily soluble in water. 


(Ic) Isolation of Glutamic and Aspartic Acids as Calcium Salts. 


Foreman [191t4, 1] has found that the calcium salts of these dibasic amino acids 
are insoluble in alcohol and has described a method for isolating them based upon 
this property. 

The hydrochloric acid solution is evaporated to a syrup in vacuo; the syrup is dis- 
solved in 200-400 c.c. of water per 20-40 grams of protein and o*5 gram of slaked 
calcium oxide per gram of protein is added. The mixture is shaken well and filtered from 
excess of lime and humin substances, The filtrate is evaporated im vacuo at 40-45° to a 
volume of 3'5-4 c.c. per gram of protein; ammonia is thus removed. The temperature 
at which evaporation is carried out should not exceed 45° so as to prevent the transforma- 
tion of glutamic acid into pyrrolidone carboxylic acid. Rectified spirit is now added in 
small quantities at a time with vigorous shaking so as to prevent clumping of the pre- 
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cipitate ; alcohol is added so long as precipitation occurs, about 1 litre being required. 
The precipitate is filtered off and washed thoroughly with alcohol. If a small precipitate 
forms as the wash alcohol comes in contact with the filtrate, it is neglected: it does not 
contain glutamic acid and aspartic acid, but may consist of the calcium salt of tyrosine. 
The precipitate is dissolved in about 300 c.c. of water and treated with oxalic acid to re- 
move the calcium completely. The filtrate from calcium oxalate is treated with silver 
sulphate solution to remove traces of chloride and pigmented substance; the pigmented 
substance dissolves if the solution be heated, but is removed later. Excess of silver is re- 
moved from the solution with hydrogen sulphide and the volume reduced to about one 
half. By now adding a solution containing 5-10 grams of phosphotungstic acid the 
colouring matter is precipitated, and the excess of this reagent is thrown down by baryta, 
which is added unti! the blue colour, if formed, disappears ; excess of baryta is removed by 
sulphuric acid and the filtrate evaporated to about 50 c.c. The solution is transferred to a 
weighed dish with a stirring rod, further evaporated to 20 or 25 c.c. for 40 grams of protein 
and allowed to cool. The acids crystallise out, are stirred and dried further in a desiccator 
over calcium chloride. 

The mass does not consist of a mixture of the pure amino acids; it is therefore stirred 
up with cold glacial acetic acid; the insoluble residue is filtered off, again stirred with 
glacial acetic acid, filtered off and washed ; the residue is dried and weighed. The acetic 
acid solution dries in vacuo over potash to a gum which contains pyrrolidone carboxylic 
acid, which may be estimated by determining the amino nitrogen before and after hydro- 
lysis with concentrated hydrochloric acid. 

The residue of glutamic acid and aspartic acid is separated by preparing the copper 
salts and crystallising out copper aspartate. The glutamic'acid is isolated from the filtrate 
as hydrochloride ; or glutamic acid may be isolated first as hydrochloride and the aspartic 
acid from the filtrate. By determining the carbon content of the mixture of the acids, the 
propoition of aspartic acid in the mixture is given by multiplying the yield by 


40°82 — per cent. of carbon 
40°32 — 36°09 


b 


the remainder is glutamic acid. 

The method has only been carried out with caseinogen; the yield of aspartic acid was 
1°8 per cent. and of glutamic acid about 16°2 per cent. On adding the amount of glutamic 
acid corresponding to the amino nitrogen determination of the pyrrolidone carboxylic acid 
the yield was 21°8 in one experiment and 24'r in another. This is considerably higher than 
the yield of 15°6 by the hydrochloride method ; the yield of glutamic acid actually isolated 
was in good agreement with the above. 


(2) Esterification. 


The filtrate from the glutamic acid hydrochloride, to which the 
mother liquors from the recrystallisations are added, is concentrated 
in vacuo at a low temperature to a thick syrup; this is dissolved in 
absolute alcohol (3 litres to 1 kilo. protein), and the amino acids are 
esterified by saturating the alcohol with dry gaseous hydrochloric acid 
at the ordinary temperature and then warming on the water-bath for 
half an hour. In the process of esterification a large amount of water 
is formed, which prevents its completion; the alcohol is therefore 
evaporated off zz vacuo at a temperature below 50° and the result- 
ing syrup again dissolved in absolute alcohol and saturated with 

3% 
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dry gaseous hydrochloric acid. In some cases it may be necessary to 
repeat this operation once more. 

The esterification, according to Osborne and Jones [1910, 2], is 
more advantageously effected by the method of Phelps and Tillotson. 
The concentrated solution of amino acid hydrochlorides is dissolved 
in alcoholic hydrochloric acid and zinc chloride is added as a catalyst. 
The solution is maintained at a temperature of 100° and the vapours 
of absolute alcohol containing some hydrochloric acid are passed into 
the solution. The water arising during the process is removed by the 
alcohol vapours as fast as it is formed, and complete esterification 
results in a shorter time. 


Since the completion of the esterification of the amino acids necessitates at least two 
evaporations and two treatments with absolute alcohol and hydrogen chloride, Foreman 
[1913 and unpublished "] proposed that the esterification be effected with the dry lead or 
copper salts of the amino acids. The solution of amino acids is evaporated in vacuo and 
steam is passed into the remainder to remove hydrochloric acid as completely as possible. 
It is diluted to about 2000 c.c. (with 320 grams protein) and heated with too grams of pre- 
cipitated lead hydroxide. The undissolved matter, which is dark in colour and contains 
humin, is filtered off. The filtrate is boiled for forty-five minutes with 400-500 grams of 
litharge. It is best to treat first with precipitated lead hydroxide, as under these conditions 
the humin separates in a flocculent state. The excess of litharge is filtered off and washed, 
and the solution is evaporated to about 500 c.c. On cooling it sets to a semi-solid mass, 
but it is stirred up on a water-bath until it becomes too viscous and dried in a steam oven. 
The dry mass, so obtained, can be powdered, but this is not necessary. The lead salts are 
suspended in about 1500 c.c. of absolute alcohol and dry hydrogen chloride passed in until 
the liquid is saturated. The solution is allowed to cool and again saturated with hydrogen 
chloride. The lead chloride is filtered off and washed with absolute alcohol; the filtrate 
and washings are evaporated to half their volume at 4o° and 15 mm. The excess of hydro- 
chloric acid is removed by slowly adding at 0° alcohol saturated with dry ammonia until 
the liquid is only faintly acid, thus avoiding liberation of the esters from their salts. The 
ammonium chloride, thus formed, is filtered off and washed with absolute alcohol and the 
alcohol evaporated off in vacuo at 40° and 15 mm. (the further treatment is described 
on p. 40). 


(3) Isolation of Glycine as Ester Hydrochloride. 


At this stage, glycine, if it occurs in the protein, ¢.g., in gelatin, in 
any considerable amount, is separated as glycine ester hydrochloride 
by concentrating zz vacuo at 40° to two-thirds and seeding the solu- 
tion with a crystal of this compound and allowing to stand for twenty- 
four hours at o°.. The precipitate is filtered off while the liquid is kept 
cold and is washed with ice-cold alcohol; the mother liquor, on further 
concentration zz vacuo and saturation again with hydrochloric acid, 
may give another crop of glycine ester hydrochloride, which is treated 


1 Mr, Foreman has kindly informed me of the full details of his process, which gives as 
good, or even better, yields than the direct esterification process. 
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in same way. The glycine ester hydrochloride is dried z”% vacuo over 
lime and sulphuric acid, and is purified by recrystallisation from ab- 
solute alcohol, charcoal being used to decolorise the solution. Almost 
the whole of the glycine may be isolated in this way [Fischer, 1902]. 

The filtrate containing the esters of the hydrochlorides of the other 
amino acids and the filtrate from the recrystallised glycine ester hydro- 
chloride are combined and concentrated to a syrup zz vacuo at 40°, 
the process of esterification is best repeated again, and any further 
quantities of glycine ester hydrochloride separated. 


(4) Extraction of the Esters of the Amino Acids. 


The esters are liberated from their hydrochlorides in the solution 
which has been concentrated zz vacuo at 40° to a syrup by one of 
the following methods :— 

(2) About one-third to one-half the volume of water is added to 
dissolve the syrup, and, if 1 kilo. of protein has been used, the solution 
is divided into two or four portions for convenience and to ensure the 
subsequent thorough cooling ; to each portion two or three volumes of 
ether are added, and the mixture is thoroughly cooled in a freezing 
mixture of ice and salt; strong caustic soda (33 per cent.) is now 
added till the free hydrochloric acid is neutralised ; this can be tested 
by adding a small quantity of a saturated solution of potassium 
carbonate. The feebly basic esters of aspartic and glutamic acids, 
which are very sensitive to free alkali, are thus liberated and are dis- 
solved by the ether, which is quickly poured off and replenished by a 
fresh quantity. Caustic soda and solid potassium carbonate added in 
small portions at a time set free the other esters from their hydro- 
chlorides ; these are dissolved by the ether, which is frequently renewed 
throughout the process and thoroughly mixed with the mass of salt and 
potassium carbonate; sufficient caustic soda must be added to com- 
bine with the whole of the hydrochloric acid, and as much potassium 
carbonate as is necessary to form finally a pasty mass in order that 
the esters, which are very easily soluble in water, are salted out and 
dissolved by the ether. A large amount of ether is required for this 
extraction, which is continued until the ether separates in a colour- 
less state, and an essential condition is that, throughout the process 
of extraction the various portions be kept thoroughly cold by shaking 
in the freezing mixture. 

The several ethereal extracts are each dried by shaking for about 
five minutes with potassium carbonate; they are then combined to- 
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gether and allowed to stand for twelve hours with anhydrous sodium 
sulphate. 

The ether is next evaporated off, preferably in small quantities at 
a time and zz vacuo at the ordinary temperature; in this way the 
lower boiling esters do not distil with the ether and the danger of 
decomposing them by a higher temperature is avoided. A brown oil, 
consisting of the esters of the amino acids, results; this is fractionally 
distilled zz vacuo, 

A considerable amount of the lower boiling esters nevertheless 
distils with the ether, especially those of alanine and glycine. Leucine 
ester has also been found in the distillate. They are recovered by 
shaking out the ether with dilute hydrochloric acid and evaporating 
the acid aqueous solution to dryness, when they remain as amino acid 
hydrochlorides. The glycine is separated as ester hydrochloride and 
the alanine, and leucine if present, are separated as esters by fractional 
distillation 2% vacuo (see p. 40). They may also be obtained by evaporat- 
ing their solution with water, removing the hydrochloric acid with lead 
oxide and silver carbonate, the excess of these by hydrogen sulphide 
and fractional crystallisation. Leucine, if present, separates out first, 
and subsequently the alanine. A mixture of small quantities of glycine 
and alanine generally remains which is too small for further separation ; 
it may be treated with picric acid (see p. 51). 

By this method of extracting 'the esters from their hydrochlorides, 
neither that of tyrosine, which remains behind combined with alkali, 
nor those of the di-amino acids, which are soluble with difficulty in 
ether, are obtained. This is advantageous for the subsequent process 
of separation, but the method has the disadvantage that the whole 
quantity of esters is not taken up by the ether. Extraction with 
chloroform after ether increases the amount of ester; it separates the 
pasty mass of potassium carbonate into particles which can be washed 
with the solvent ; this extract contains the ester of tyrosine. 

The main loss seems to be caused by the destruction of the esters 
by the alkali. In order to avoid this loss, the mass of carbonate is 
treated with excess of hydrochloric acid and evaporated down, the 
potassium chloride being filtered off as it separates out; the residue 
is extracted with alcohol and the above process of esterification is re- 
peated. It is simpler to suspend the mass of carbonate in absolute 
alcohol and to saturate the solution with gaseous hydrochloric acid. 
The salts remain insoluble and are filtered off and the alcoholic solution 
is treated as has been described. 


Fe 
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(4) In order to separate the amino acids as completely as possible, 
Fischer introduced another method of liberating the esters from their 
hydrochlorides, z.e., treatment with sodium ethylate. The hydrochloric 
acid is removed as completely as possible by evaporation zz vacuo and 
the mixture of ester hydrochlorides is dissolved in five times its 
quantity of absolute alcohol. The amount of chlorine is estimated in 
a small portion of this, and to the remainder the calculated quantity 
of sodium dissolved in absolute alcohol and freshly prepared, so as to 
make a 3 per cent. solution, is added. The sodium chloride formed is 
filtered off. Its separation is greatly facilitated by the addition of 
ether and cooling to 0°. The alcohol is removed by evaporation zx 
vacuo. A small quantity of the lower boiling esters of the amino acids 
passes into the distillate with the alcohol, but is recovered by acidify- 
ing with hydrochloric acid and evaporating when the amino acid 
hydrochlorides are obtained. A dark-brown oil again results, which 
is fractionally distilled zx vacuo. 

Although this method prevents loss by the action of alkali, the 
yield of the higher boiling fractions is not so great on account of the 
more complex nature of the mixture of esters. The residue which 
does not distil contains the tyrosine, the di-amino acids, and other 
substances. 

(c) Instead of employing caustic soda and potassium carbonate for 
the liberation and salting out of the esters, Levene [1905] proposed the 
use of barium oxide, for which he claims the following advantages :— | 

(i) On account of its small solubility in water, a large excess of 

alkali which causes saponification of the esters is avoided. 

(ii) In neutralising the free acid the rise in temperature is less than 

with caustic soda. 

(iii) When the second esterification is required it is more easily 

removed. 

The procedure described by Levene and Van Slyke [1909, 2] is 
as follows :— : 

The concentrated solution of the ester hydrochlorides is poured 
into a porcelain or enamelled vessel of capacity of 1 litre for every 125- 
150 grams protein, and the flask is washed out with ice-cold baryta 
solution. The vessel is placed in a freezing mixture. When the con- 
tents are cold excess of crystallised baryta is added, and the mixture 
is thoroughly stirred with a wooden or porcelain spatula. The peculiar 
sticky mass in a few minutes becomes liquid and the solution becomes 
alkaline in reaction. Several volumes of ether are then poured over 
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the solution. The ether is then poured off and a fresh quantity added. 
More baryta is added and the stirring continued. The ether is re- 
plenished and more baryta added several times. During the process 
the mixture becomes cloudy and pasty, but finally a light dry mass of 
baryta is left. 

The ethereal solutions are treated as described in the (2) method. 

For the second esterification process the residue is stirred up several 
times with water, filtered through asbestos, and washed with water till 
no more organic matter is extracted. Most of the baryta remains un- 
dissolved. The solution is freed from that which has dissolved by the 
equivalent quantity of sulphuric acid, acidified with hydrochloric acid, 
and esterified in the usual manner. 

(2) Pribram [1910] found that the esters may be liberated very 
conveniently by the action of ammonia. His preliminary experiment 
with glycine gave a yield of 69 per cent. and an equally good yield of 
esters was obtained from gelatin. Abderhalden has also found this 
method very serviceable. 

The concentrated solution of ester hydrochlorides is mixed with 
ether and surrounded with a freezing mixture. Ammonia, dried by 
passing through three towers of caustic soda and lime, is then passed 
into the solution. The ammonium chloride which is formed is filtered 
off and washed with absolute alcohol. The ether is distilled off and 
the esters fractionally distilled zz vacuo. 

(e) Zelinsky, Annenkoff and Kulikoff [1911] suggested a still simpler procedure 
for obtaining the esters. The concentrated solution of the ester hydrochlorides is mixed 
with lead oxide (200 grams to 100 grams protein) and the mass is directly distilled in 
vacuo. Abderhalden and Weil [1g912, 3] do not recommend this method on account of the 
great loss which occurs during extraction. 

(f) Foreman (see p. 36) dissolves the syrup of ester hydrochlorides in 1000-1500 c.c. of 
dry chloroform and filters from ammonium chloride. 300-350 grams of anhydrous baryta are 
added in small quantities at a time and the mixture well shaken after each addition. The 
liquid is tested with silver nitrate and nitric acid and if a precipitate forms it is allowed to 
stand until this no longer occurs. The excess of baryta is filtered off and washed with 
dry chloroform, the chloroform is evaporated off in vacuo and the residue dissolved in ether ; 
only a gum-like substance remains undissolved. The ether is removed by distillation in 
vacuo and the residue of ester distilled in vacuo. The baryta was found to contain some 


amino acids ; it was decomposed with sulphuric acid and the solution treated with lead 
hydroxide in the same way as the original solution. 


(5) Fractional Distillation of the Esters in Vacuo. 


The fractional distillation of the brown oil, which is obtained by 
either of these methods, is carried out firstly at a pressure of 10-12 
mm. produced by a water pump, and then at a pressure of 0°5 mm. 


FRACTIONAL DISTILLATION OF ESTERS IN VACUO 4! 


produced by a Geryck vacuum pump, as described by Fischer and 
Harries [1902]. In order to preserve the high vacuum in this process 
liquid air is used for condensing the alcohol vapour arising from 
the decomposition of the esters; carbonic acid has been used by 
other investigators, and Levene and Van Slyke [1908, 1] employed 
sulphuric acid, contained in cotton wool and cooled by a freezing 
mixture, as an absorbent for this purpose. A small quantity of 
ester also passes over with the alcohol; this cannot be recovered if 
Levene and Van Slyke’s modification be used. The accompanying 
figure shows the arrangement for the distillation at low pressure. 
At 10-12 mm. pressure the receiver should be cooled in a freezing 
mixture. 
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Fic. 1. 
From Berichte der Deutschen Chemischen Gesellschaft, 35, 2160. 


The temperatures at which the various fractions are collected are 
those of the vapours of the esters at 10 mm. pressure, and those of © 
the water-bath at 100° and of an oil-bath, which replaces the water- - 
bath for the higher temperatures up to 160°, at O°5 mm. pressure. 

Formerly the lower boiling fractions were again distilled zz vacuo 
so as to obtain a further fractionation, but each fraction, even then, 
did not generally contain a single ester of an amino acid. A second 
fractionation is therefore no longer carried out. 

In the case of the higher boiling fractions a second fractionation is 
not necessary, since the esters contained in them can be separated by 
their varying solubility in water, ether and petroleum ether. Accord- 
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ing to Osborne and Jones [1g10, 2] the distillation of the esters boil- 
ing above 110° can be dispensed with. An equally good separation 
of this residual mixture can be effected if it be carried out in the same 
way as is described for the esters after they have been distilled. 

The following table shows the fractions which are usually collected, 
and the amino acid esters which they may contain :— 


Temperature. Pressure. Esters of 
FractionI, To 60° (vapour) . ‘ : -| 10mm./ Glycine, alanine, leucine, 
proline. 
», II. 60-go0° (vapour), 100° (water-bath). | ro mm. | Valine, leucine, proline. 
», III. 100° (water-bath) . ; 5 . | 0°5 mm. | Leucine, proline. 
», IV. 100-160° (oil-bath) . : : . | 0°5 mm. | Phenylalanine, glutamic acid, 


aspartic acid, serine. | 


Sometimes no fractionation of the esters boiling up to 100° at 0°5 
mm. is made, the whole mixture being simply divided into esters 
volatile below 100° at 0o°5 mm, and a residue, which is not distilled. 


(6) The Isolation of the Individual Mono-Amino Acids. 


The separation and characterisation of each constituent contained 
in an ester fraction has now to be carried out. A somewhat special 
process has to be adopted for each individual product. 


LV QCHOS Jeelic wild, 


The esters contained in these fractions are immediately reconverted 
into the amino acids. This is effected by boiling the fractions with 
5-10 volumes of water under a reflux condenser for six to seven hours, 
until the alkaline reaction has disappeared. 

If leucine be present in considerable amount, as may be the case in 
fraction III., the solution on cooling may deposit crystals of this sub- 
stance. These are filtered off, washed with water, dried and weighed. 
Identification of the product is carried out as described below. 

The three solutions are then evaporated to dryness 2” vacuo in 
weighed flasks and the amount of residue ascertained for each fraction. 

Levene and Van Slyke [1908, 2] have found that leucine ester, 
like phenylalanine ester, is readily dissolved by ether from water. The 
ester fractions may therefore, before hydrolysis, be mixed with 3 
volumes of water and extracted with ether, and the ether extract 
washed three times with water. The aqueous solution is then 
saponified by boiling and the extract, after removal of the ether, is 
treated in the same way. 
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(a) Proline. 


Proline is the only product contained in these fractions which is 
soluble in alcohol; it is also much more easily soluble in water than 
the other products. 

The dry residues are therefore extracted several times with boiling 
absolute alcohol ; these extracts on cooling frequently become turbid, 
and on standing deposit other amino acids which, though insoluble in 
alcohol, are dissolved when proline is present. They are filtered off 
and returned to the portion insoluble in alcohol. 

The combined alcoholic extracts of the three fractions are again 
evaporated to dryness zz vacuo and the residue is treated several times 
with cold absolute alcohol. A considerable amount is undissolved ; 
as before this is returned to the insoluble portion. 

The alcoholic solution is again evaporated to dryness zz vacuo and 
extracted with cold absolute alcohol, and this operation is continued 
until all the insoluble amino acids are removed. 

The final alcoholic solution is evaporated to dryness and the residue 
weighed. As thus obtained, the proline is a mixture of the optically 
active and the racemic forms. These are separated by conversion into 
their copper salts by boiling with freshly precipitated copper oxide. 
The resulting dark-blue solution is evaporated to dryness, and the re- 
sidue is treated with absolute alcohol which dissolves the copper salt 
of the optically active proline. This solution on concentration yields 
the greater part of the compound in a crystalline state, but the remain- 
der is amorphous. The copper salt of the racemic proline, which is 
insoluble in alcohol, is purified by crystallisation from water. 

The identity of the compounds is established by a determination 
of the water of crystallisation and of the copper. The racemic copper 
salt contains 2 molecules of water of crystallisation, and in this state 
it is dark blue in colour; in the anhydrous state its colour is violet. 
Further characterisation is obtained by preparing proline from it. ‘The 
copper salt is dissolved in water and decomposed with hydrogen sul- 
phide. The filtrate is concentrated to a small volume and precipitated 
with alcohol, The product, crystallised from alcohol, is obtained in flat 
needles. /-proline has a sweet taste, melts at 206-209" and has a 
rotation of La]? = — 774°. The phenylhydantoin of /-proline is the 
most suitable derivative for still further characterisation. 

The amount of proline in the protein is given by the yield of the 
two copper salts obtained in a pure state. The actual proline content 
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of the protein is considerably larger than the figures given in the tables 
(pp. 111-130). Abderhalden and Kautzsch [1912] consider that the 
yields of both forms of proline should be always separately given. 
The yield if it be based on the yield of copper salts is not a proper 
value. 

The real proline content can be accurately determined, as Van 
Slyke [1911, 3] has shown by his nitrous acid method (p. 89), by a 
determination of the total and amino-nitrogen of the product soluble 
in absolute alcohol. The alcoholic solution is made up to a definite 
volume and aliquot portions are taken for these estimations. The 
difference gives the amount of nitrogen present as proline from which 
the amount of proline can be calculated. In the case of caseinogen 
the proline content was found to be 6°7 per cent., a figure which is 
twice that found by Abderhalden. It agrees with that found by 
Engeland by his method of methylation (p. 69). Abderhalden and 
Kautzsch [1912] believe that the proline content determined by the 
Van Slyke method is not accurate, as the solution may contain other 
nitrogenous products which do not evolve nitrogen on treatment with 
nitrous acid. 


(0) Glycine, Alanine, Valine, Leucine, and Isoleucine. 


These five amino acids are present together in varying proportions 
in the residues which are insoluble in absolute alcohol. Their 
separation is only effected with great difficulty, and the procedure 
depends very largely upon which amino acids are present in the 
several fractions. 

In each case the residue is dissolved in water and, if necessary, the 
solution is decolorised by boiling with charcoal. The aqueous solu- 
tions are concentrated and fractionally crystallised; the final mother 
liquor is evaporated to dryness. Each fraction is dried and weighed. 
Indications of the constituents of each fraction may be obtained :— 

1. By elementary analysis of the carbon, hydrogen and nitrogen 
content. 

2. By determining the melting-point; the substance must be 
rapidly heated. Glycine melts at 240°, alanine about 297°, leucine 
about 300°, and valine about 315°. 

3. By the taste. Glycine and alanine have a sweet taste; valine 
is less sweet and it leaves a bitter after-taste ; leucine is insipid and 
slightly bitter. 

The following fractions may be obtained by the fractional crys- 
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tallisation of the amino acids obtained from the esters after removal 
of the proline :— 

1. Valine + leucines. 

2. Valine + alanine. 

3. Alanine. This is purified by recrystallisation from dilute alcohol. 

4. Alanine + glycine. 

If the esters be separated by distillation into three fractions, the 
residues from fraction I. will contain chiefly glycine and alanine; from 
fraction II. valine, leucine and isoleucine; from fraction III. leucine 
and isoleucine. 


i. Separation of Valine from Leucine and Isoleucine. 


These three compounds are the most difficult to separate from each 
other. Their separation has really only been accomplished by chance. 

In those cases where the isolation of the individual substance has 
succeeded it has been effected by the fractional crystallisation of the 
amino acids themselves and of their copper salts and by the different 
solubility of the compounds in methyl alcohol. Valine is soluble in 
methyl alcohol, isoleucine is insoluble in the cold solvent, but soluble 
in the hot. On cooling the solution, however, the presence of valine 
prevents its separation. The copper salt of leucine is very insoluble, 
but the mixed copper salts are relatively soluble. Leucine and iso- 
leucine were first separated by F. Ehrlich [1904] by the different 
solubility of their copper salts in methyl alcohol; that of leucine is 
insoluble. The separation is most tedious and not at all satisfactory. 

In order to give us more information about the constituents of this 
fraction, Levene and Van Slyke [1909, 1, 2] worked out a method 
which depends upon the precipitation of leucine and isoleucine as their 
lead salts from ammoniacal solution and the subsequent separation of 
these two amino acids by means of the different solubility of their 
copper salts in methyl alcohol. The details are as follows :— 

The mixture is carefully analysed and the amount of leucine + 
isoleucine is calculated from the carbon content :— 


Leucine and isoleucine contain 54°92 per cent. C. \ difference = 3°68 per cent 


Valine contains ; é » 51°24 aheee Abs 
Per cent. carbon — 51°2 ves : . 
“ 51°74 — per cent. of leucine isomers in the mixture. 
3° 


The mixture is pulverised and suspended in 7 parts of water and 
the water is raised to the boiling-point: for each gram of substance 
1°5 c.c. of concentrated ammonia solution is then added. The flask 
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is stoppered and shaken so as to dissolve the amino acids ; if necessary 
the solution may be again heated. 

4 c.c. of 1°1 M lead acetate solution (sp. gr. 1'254 at 20°) for 
each gram of leucine and isoleucine are slowly added to the hot solu- 
tion, which is thoroughly stirred during the addition. The solution 
is then cooled in ice-water and after one to two hours is filtered 
through a Buchner funnel, or a Gooch crucible, according to the 
amount of precipitate. The solid matter is pressed down so as to 
remove the mother liquor as completely as possible, and it is washed 
firstly with 90 per cent. alcohol, then with ether, and dried zx vacuo 
over sulphuric acid. 

It is curious that the presence of valine facilitates the separation of 
the lead salts of the leucine isomers. 

If the proportion of isomers: valine be less than 2:1 the pre- 
cipitation is not so complete. In these cases less lead acetate solution 
(3°7 c.c.) should be taken and the filtrate concentrated zz vacuo till the 
percentage of valine reaches 10. Ammonia is again added and the 
precipitate treated as before. It is preferable to treat the filtrate once 
more in the above manner after the valine has been separated. 


ii. Valine. 

The filtrate is freed from lead by means of hydrogen sulphide, and 
the solution, filtered from lead sulphide, is evaporated to dryness. The 
dry residue is treated with an alcohol-ether mixture (3: 1) to extract 
acetic acid and ammonium acetate. The small amount of valine 
which dissolves is recovered by again evaporating to dryness and 
extracting with alcohol and ether. 

Pure valine generally remains; it is identified by recrystallisation 
from water, elementary analysis, and rotation in 20 per cent. hydro- 
chloric acid of Le]? = + 28°8°; a rotation of 26-28" is generally found 
as racemisation occurs in the process. 

If analysis shows leucine to be present the above treatment must 
be repeated. 


ot 
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iii. Leucine and Isoleucine. 


The purity of the lead salt, as obtained above, is tested by analysis. 
This is performed by dissolving about 0°3 gram in 5 cc. of normal 
nitric acid in a 100 c.c, beaker and precipitating the lead with 5 c.c. of 
normal sulphuric acid followed by 50 c.c. of absolute alcohol. The 
lead sulphate, which settles rapidly in a granular form, is collected 
after about fifteen minutes in a Gooch crucible and washed with 95 
per cent, alcohol acidified with sulphuric acid. The crucible is placed 
in another crucible, heated gently until the alcohol is driven off, and 
then with the full heat of the Bunsen burner for ten minutes. 

If the lead content be too high, due to contamination with the lead 
salt of valine, the mixture is purified by dissolving it, after thorough 
pulverisation, in 5 parts of hot water + 4 part of glacial acetic acid 
and reprecipitating by adding 0°5 c.c. of concentrated ammonia solu- 
tion for every gram of salt. The precipitate is collected and treated 
as above under the conditions where the amount of valine present is 
small. 

The last portions of the mixed leucines are recovered by repeating 
the entire process. 

The mixed lead salts are dissolved in 15-20 parts of hot water + 
4 part of glacial acetic acid, and hydrogen sulphide is passed into the 
solution. The filtrate from the lead sulphide is evaporated zz vacuo to 
dryness, and the residue is washed with a mixture of equal parts of 
alcohol and ether to remove acetic acid. 

Since these isomers have been shown not to be racemised by heating 
with acids, the composition of the mixture can be ascertained by de- 
termining the rotation in 20 per cent. hydrochloric acid :— 


d-isoleucine has [a|]P = + 37°4° 
we8 difference = 21°8° 


l-leucine ,, [@]> = + 15°6° 
hence percentage of d-isoleucine = 100 x ae 
21° 
ia ,, Ieleucine = 100 x 3747 % 
21°8 


From the weight of the mixed amino acids and these data the 
amount of each isomer can be calculated. 

The mixed isomers are converted into their copper salts by boiling 
with excess of copper oxide, which is thoroughly boiled out with water 
to remove the last traces of the copper salt of leucine which is pale 
blue in colour and very insoluble. 

The solution of the copper salts is evaporated to dryness zm vacuo. 
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The dry and finely pulverised copper salts are then shaken in a shaking 
machine with 94 per cent. methyl alcohol. The insoluble copper salt 
of leucine is filtered off and washed with solvent. The soluble copper 
salt of isoleucine may be contaminated with some of the copper salt 
of leucine. It is therefore decomposed with hydrogen sulphide, re- 
converted into copper salt and again extracted with methyl] alcohol. 
Both the leucine and isoleucine are obtained in the usual way from 
the copper salt and recrystallised from water. 

They are identified by elementary analysis, rotation and estimation 
of copper in their copper salts. 


iv. Separation of Valine and Alanine. 


Levene and Van Slyke [1913] described a method for separat- 
ing these two amino acids. It depends (1) upon the greater insolu- 
bility of alanine phosphotungstate than valine phosphotungstate in a 
solution containing 10 per cent. of sulphuric acid and 20 per cent. of 
phosphotungstic acid; (2) the greater insolubility of valine in 80 per 
cent. acetone. Alanine combines with 14 parts of phosphotungstic 
acid. Thesolubility of alanine phosphotungstate in the above solution 
is O'15 gram per 100 c.c.; that of valine phosphotungstate is I°2 gram. 
A mixture of the two compounds can be separated by crystallisation 
from this solution. Glycine behaves like alanine; its phosphotung- 
state has the solubility of o°2 gram per 100 c.c. If leucine be present 
in the mixture it must be first separated as lead salt (above). 

In carrying out the separation the mixture should preferably con- 
tain not more than 50 per cent. of valine, and in precipitating the 
alanine the volume of liquid should be as small as possible. There 
are two alternatives: (@) if the alanine phosphotungstate is not re- 
crystallised, the volume should be 100 c.c. for every gram of valine 
present; (4) if the alanine phosphotungstate be recrystallised, the 
volume need only be 30-40 c.c. per gram of valine; one recrys- 
tallisation from the same volume yields pure alanine phosphotungstate. 

The most satisfactory separation is conducted by dissolving the 
mixture of valine and alanine in a hot sulphuric acid solution contain- 
ing 10 grams per 100 c.c. in the proportion of 30-40 c.c. per gram 
of valine present. This amount is given by an elementary analysis 
of the mixture. Phosphotungstic acid' in the ratio of 14 : 1 according 


1 The phosphotungstic acid is purified by Winterstein’s method by dissolving in a 
small volume of water and extracting with ether. An oily solution heavier than water 
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to the maximum amount of alanine in the mixture and I gram excess 
for every 5 c.c. of solution is dissolved in the hot solution. A greater 
excess does not interfere with the separation, but it requires removal 
subsequently. The solution is kept at 0’, or in ice water in an ice 
box for at least twenty-four hours.’ The alanine phosphotungstate 
separates in large transparent crystals forming a solid layer on the 
bottom and sides of the vessel. The supernatant solution is decanted 
and the crystals are redissolved in the same volume of I0 per cent. 
sulphuric acid as that originally used, I gram of phosphotungstic acid 
per 4 or 5 c.c. of liquid are added, and the solution kept at o° for 
twenty-four hours. The alanine phosphotungstate is filtered off by 
suction and washed with 10 per cent. sulphuric acid containing 20 per 
cent. of phosphotungstic acid. 

The alanine in the phosphotungstate is determined and recovered 
by dissolving the salt in hot water in which it gives a somewhat 
turbid solution and making up to a known volume containing 50-100 
mgm. of alanine per 10 cc. The nitrogen in this solution is esti- 
mated by Van Slyke’s method (p. 89) using Io cc., or 2 cc. if 
the micro-apparatus be used. It can also be estimated by Kjeldahl’s 
method, but this is not so convenient on account of the violent bump- 
ing caused by the separation of tungstic acid. This estimation gives 
a more accurate value for the alanine than its isolation, as loss occurs 
during the removal of the phosphotungstic acid; the actual amount 
isolated is from 90-95 per cent. of that found by the nitrogen esti- 
mation. A correction for the solubility of alanine phosphotungstate 
—‘I5 gram in 100 c.c. solution—can be applied. 

The remainder of the solution is washed into a beaker, heated to 
boiling, and treated with excess of pure 20 per cent. lead acetate solu- 
tion ;* excess of lead acetate is ascertained by removing a drop and 
testing with dilute sulphuric acid. Lead sulphate and phosphotung- 
state are filtered off and thoroughly washed. ‘The filtrate and wash- 
ings are concentrated to about 50 c.c. per gram of alanine, an equal 
volume of 95 per cent. alcohol added, and the mixture heated on the 
water-bath for about one hour. ‘This removes the remainder of the 


results. It is washed several times with water and the ether removed on the water-bath. 
The product is not hygroscopic and forms acolourless solution. It should leave no residue 
after precipitation with pure lead acetate and evaporation of the filtrate. 

1 Working at room temperature, about 75 per cent. of the alanine is precipitated if one 
half of the volumes given are used. 

* This should leave no residue after removal of the lead with hydrogen sulphide and 
evaporating to dryness. 

1h ee 3 4 
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lead sulphate. The excess of lead is removed with hydrogen sulphide, 
the lead sulphide washed with water containing hydrogen sulphide and 
the liquid is evaporated zz vacuo to a small volume. It is transferred 
to a Jena glass dish, evaporated until all liquid disappears and the 
alanine dried by placing in a vacuum desiccator over sulphuric acid 
and caustic potash, The substance becomes discoloured if it be dried 
on the water-bath. The product is nearly ash-free alanine, but it may 
contain glycine, if glycine was present in the original mixture. The 
rest of the alanine in the mixture is obtained after isolating the valine. 

The phosphotungstic acid filtrates and washings containing the 
valine is made up to a known volume and the amount of valine esti- 
mated by a nitrogen determination by Van Slyke’s method, using 10 
per cent. sulphuric acid instead of water in a blank determination. 
The reagents are removed with lead acetate as described above under 
alanine, and the solution evaporated till valine begins to crystallise ; 
2-3 volumes of 80 per cent. acetone are added and the mixture 
washed into a flask with 80 per cent. acetone; the flask is stoppered 
to prevent evaporation of the acetone and allowed to stand for twelve 
hours. Valine crystallises out; it is filtered off and washed with 80 
per cent. acetone. Its yield is 80-85 per cent. of the amount found 
in the mixture by analysis. 

The filtrate is evaporated to dryness and the above separation re- 
peated. It is then practically quantitative. 


ISOLATION OF GLYCINE AND ALANINE 51 


v. Separation of Glycine and Alanine. 


There are two methods of separating these compounds :— 

(a) By reconverting the mixture into esters, separating the glycine 
as ester hydrochloride, and distilling the alanine ester, which 
is then decomposed by boiling with water and the alanine 
obtained by crystallisation. 

(6) By precipitating the glycine as picrate [Levene, 1906; Levene 
and Van Slyke, 1912]. 

Glycine picrate, which was first described by Levene, was shown 
by Levene and Van Slyke to have the composition of 2 molecules of 
glycine and 1 molecule of picric acid. The pure compound on heat- 
ing softens at 200° and melts at 202°; it is soluble to the extent of 
0°35 gram (= °14 gram glycine) in 20 c.c, of water. In preparing it, 
it is not advisable to use a large excess of picric acid, as this increases 
the solubility of the picrate though the solubility is lessened in the 
presence of alanine. 

The separation of glycine and alanine is effected by dissolving the 
mixture in 3-4 parts of hot water and then adding an amount of 
picric acid exceeding that required to combine with the glycine Crs 
grams per I gram glycine) but not exceeding the amount required to 
combine with the whole of the amino nitrogen in the mixture if this 
be calculated as glycine. The solution is cooled to 0° ; glycine picrate 
crystallises out completely in about one hour. It is filtered off and 
washed with a small quantity of water, followed by 9s per cent. 
alcohol. Its purity is controlled by a melting-point determination and 
amino nitrogen content. The filtrate is acidified with a known excess 
of normal sulphuric acid and freed from picric acid by shaking out with 
the ether. The sulphuric acid is removed by adding an equivalent of 
standard baryta solution and the filtrate from the barium sulphate is 
evaporated to dryness. The residue consists of alanine, generally of 
over 90 per cent. purity, the impurity being glycine. Pure alanine 
results on recrystallisation and a separation of the remainder can be 
effected by repeating the process. 

Glycine is identified by the melting-point and analysis of its ester 
hydrochloride and picrate; its amount in the protein is given by the 
yield. 

Alanine is identified by elementary analysis and its rotation in 
hydrochloric acid solution. The amount in the protein is also given 
by the yield. 
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Fraction IV. or Non-distilled Higher Bowling Esters. 


(c) Phenylalanine. 


The ester of phenylalanine differs from the esters of aspartic acid, 
glutamic acid and serine, which are present with it in this fraction, by 
being only slightly soluble in water. 

The mixed esters are dissolved in 5 volumes of water. If a 
large amount of phenylalanine be present, it may separate in the form 
of oily drops. The aqueous solution is extracted with an equal volume 
of ether. The ether extract is then washed several times with water 
to remove the last traces of any of the other esters which may have 
been dissolved by the ether. The ether is removed by distillation and 
the ester is hydrolysed by evaporation with concentrated hydrochloric 
acid. The resulting phenylalanine hydrochloride is purified by crys- 
tallisation from hydrochloric acid, and can be identified by an estima- 
tion of its content in chlorine. 

The free amino acid is obtained from the hydrochloride by treating 
with sodium acetate, or ammonia, and precipitating from hot aqueous 
solution with alcohol. A determination of the melting-point of 283° 
and rotation of [a]? = -— 35°‘I° in aqueous solution characterises the 


compound. 
(d) Aspartic Acid. 


The esters in the aqueous solution from which the phenylalanine 
ester has been extracted with ether are saponified by boiling with 
baryta; the solution of baryta is prepared by dissolving twice the 
quantity of barium hydrate to that of ester in sufficient hot water, 
filtering and allowing to cool. The clear solution is poured off from 
the crystals and to it is added the solution of esters. Hydrolysis is 
then effected by heating for two hours on the water-bath. The solu- 
tion is allowed to stand for several days to allow the barium salt of 
racemic aspartic acid to crystallise out. 

The barium aspartate is decomposed with sulphuric acid, the 
barium sulphate filtered off, and the excess of sulphuric acid quantita- 
tively removed with baryta. Pure aspartic acid crystallises out from 
the solution on evaporation. It is identified by analysis and by the 
analysis of its copper salt. 

The remainder of the aspartic acid is isolated after removal of 
glutamic acid as hydrochloride (e) as follows :— 

The solution is evaporated 77 vacuo to remove as much hydrochloric 
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acid as possible. The residue is dissolved in water and boiled with 
yellow lead oxide until a test portion of the cold solution no longer 
gives a reaction for chlorine.! The filtered solution is freed from lead 
by hydrogen sulphide and the filtrate from lead sulphide is evaporated 
to a small volume, when aspartic acid crystallises out. The mother 
liquor contains principally serine, but more aspartic acid and other 
products are also present. 

Note.—Osborne and Liddle [1g10, 2] have observed that an intermediate fraction between 
fractions III. and IV. containing aspartic ester and leucine ester and possibly also phenyl- 
alanine ester may distil. The separation of leucine and aspartic acid (or glutamic acid) 
is impossible by fractional crystallisation. The fraction should be treated as described and 
the leucine separated from the aspartic acid by neutralising with soda and crystallising. 


Leucine results. On acidifying the filtrate and again crystallising the aspartic acid is 
obtained. 


(¢) Glutamic Acid. 


The filtrate from the barium aspartate is exactly freed from barium 
by sulphuric acid and the solution is evaporated to dryness zm vacuo. 
The residue is dissolved in water, the solution decolorised, if neces- 
sary, by boiling with charcoal and the glutamic acid is precipitated 
as hydrochloride by passing in dry gaseous hydrogen chloride. A 
further quantity of glutamic acid hydrochloride may be obtained from 
the mother liquor by concentration and similar treatment. Practically 
the whole of the glutamic acid present in the protein is thus obtained 
as hydrochloride. The larger portion is separated directly, before 
the mixture of amino acids is esterified. 

Glutamic acid is obtained from the hydrochloride by treatment with 
the calculated quantity of caustic soda to combine with the hydro- 
chloric acid and by crystallisation from water, in which it is soluble, 
when pure, with some difficulty. Elementary analysis of the free 
acid, or of its hydrochloride, deterinines its identity and its weight 
gives the amount in the protein. 


(f/f) Serine. 


It is most difficult to isolate serine and obtain it in a pure state. 
The solution from which the active aspartic acid has crystallised 
out is neutralised, if acid, with caustic soda and concentrated. Serine 
crystallises out in crusts of monoclinic crystals, and is identified by its 
melting-point of 240° and elementary analysis. 


1 Levene and Van Slyke [1910] point out that, if excess of lead oxide be used, the 
insoluble lead salt of aspartic acid is formed with consequent loss of this amino acid. 
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Its 8-naphthalene sulphonyl-derivative, 

CH,OH CH,OH 
(ae EN On eG ENUEC Hs 
\cooH \cooH 


which is prepared by shaking in alkaline solution with @-naphthalene 
sulphonyl-chloride, serves for the isolation of the remainder from the 
filtrate. This compound is very suitable for its characterisation. 
Gis hero ecOnL,) 


C,,H,SO,Cl + H,N.CH 


(g) The Distillation Residue. 


If the higher boiling esters are distilled a dark reddish-brown and 
thick syrupy residue remains in the distilling flask and sometimes 
crystals are observed clinging to the walls of the vessel. The mass 
consists chiefly of the anhydrides of the amino acids. Leucinimide 
may be extracted by boiling it with ethyl acetate. The residue is 
generally so small in amount that it is not further examined, but if this 
be necessary the mass is boiled with baryta for sixteen hours, the 
baryta removed and the process of separation repeated. 


(h) The Isolation of Oxyproline. 


Only in a few cases has this compound been isolated from the 
products of hydrolysis of proteins, since its separation is extremely 
laborious. Its ester is not extracted by ether, and it consequently 
remains behind in the mass of carbonate; if its isolation be required 
a second esterification is generally not performed. 

The mass of carbonate is treated as previously described (p. 38). 
The aqueous solution is evaporated zz vacuo to remove hydrochloric 
acid as completely as possible. The organic matter is dissolved in 
water so that its content is about I per cent.; sulphuric acid is added 
and the di-amino acids are precipitated with phosphotungstic acid 
(see p. 60). The excess of reagents are removed from the filtrate 
with baryta, the solution is concentrated zz vacuo to a small volume 
and hydrochloric acid is removed with silver sulphate. The silver and 
sulphuric acid are precipitated in the usual way, the solution is eva- 
porated zz vacuo to a small volume and allowed to stand in a desiccator 
over sulphuric acid. Oxyproline slowly crystallises out. 

Oxyproline is more easy to obtain when the esters have been 
separated with sodium ethylate. It is then present in the distillation 
residue ; this is treated in a similar way. It is identified by its melt- 
ing-point of 270°, rotation of [@} — — 81°'04° in aqueous solution 
and by conversion into its 8-naphthalene sulphonyl-derivative. 
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B. THE DI-AMINO ACIDS, 


The isolation and estimation of the three compounds—arginine, his- 
tidine, lysine—are carried out by the method described by Kossel and 
Kutscher [1900-1] which was slightly modified by Kossel and Patten 
[1903]. Further modifications and improvements have been added by 
Steudel [1903], Kossel and Pringle [1906] and Osborne, Leavenworth 
and Brautlecht [1908]. The method is based upon the earlier work of 
Drechsel, Hedin, and Kossel, and depends upon the precipitation of 
arginine and histidine as their silver salts, their separation by difference 
in solubility in water and in strongly alkaline solution, and the pre- 
cipitation of lysine from the filtrate by phosphotungstic acid, and then 
by picric acid. 

The method has been described in full by Weiss [1907] and by 
Steudel [1510] and is carried out as follows :— 


I. Hydrolysis and Estimation of Protein. 


About 25-50 grams of protein are hydrolysed by boiling with 
dilute sulphuric as stated on p, 11. The exact amount of protein is 
then estimated by making the volume up to 1 litre with water and 
determining the nitrogen in 5 or 10 c.c. by Kjeldahl’s method; from 
this figure the amount of protein can be calculated, if the amount of 
nitrogen in it be known. 


II. Removal of Sulphuric Acid. Estimation of Ammonia and 
Humin Nitrogen. 


The acid solution is heated to boiling and treated with a hot 
concentrated solution of baryta until the reaction is only faintly acid 
and almost the whole of the sulphuric acid is precipitated as barium 
sulphate, which is filtered off by suction and thoroughly washed 
with boiling water, by stirring up and raising to the boiling-point. 
This should be repeated twice or until the filtrate gives no precipitate 
with phosphotungstic acid. The filtrate and washings are evaporated 
down best zz vacuo at 70° and again made up to 1 litre. <A deter- 
mination of the nitrogen in 5 or 10 c.c. of this solution gives by differ- 
ence the amount of nitrogen contained in the melanin, which is 
carried down by the barium sulphate, It is known as “ humin nitro- 
Sere: 

In this liquid two determinations are made of the amount of 
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nitrogen present as ammonia, by distilling portions of 100 c.c. with 
magnesium oxide. 

The ammonia is removed from the remainder by evaporating with 
magnesia, or better barium carbonate, on the water-bath. 

The two portions, freed from ammonia, are combined, and made 
alkaline with baryta, or barium carbonate. 

The separate solutions are now combined, the precipitate of barium 
carbonate and barium sulphate is filtered off and washed by boiling 
with water three times; the excess of barium is removed from the 
filtrate by dilute sulphuric acid and the precipitate again filtered off 
and washed out. Filtrate and washings are combined together, 
evaporated down and made up to 1 litre and a Kjeldahl nitrogen de- 
termination again made. Allowing for the nitrogen given off as 
ammonia, the difference between this and the previous estimation 
gives the humin nitrogen II. contained in the alkaline barium magnesia 
precipitate, 


III. Precipitation of Arginine and Histidine. 


The solution, which now contains a small quantity of sulphuric 
acid, is placed in a 5 litre flask, and treated with a hot saturated solu- 
tion of silver sulphate,! which is slowly added, until the solution con- 
tains sufficient to give a yellow-brown, not a white or pale yellow 
precipitate, on removing a drop and testing it with baryta water ina 
watch-glass. If, during the process, there be any undissolved silver 
sulphate at the bottom of the flask, it is dissolved by adding more 
water before a fresh quantity is added, in order that a yellow-brown 
precipitate be given in the test drop with baryta. Assoon as sufficient 
silver is present to combine with all the arginine and histidine, the 
solution is allowed to cool to 4o° and is saturated with finely 
powdered baryta, z.e., until some remains undissolved after repeated 
shaking. The precipitate, which is thus formed and which consists 
of the silver salts of arginine and histidine, is filtered off and stirred 
up together with the filter paper in a mortar with baryta, when it is 
again filtered off and washed with baryta water. The lysine in the 
filtrate is separated according to VI. 

The precipitate of the silver salts of arginine and histidine is 
suspended in water containing sulphuric acid and decomposed with 
hydrogen sulphide. The filtrate from the silver sulphide and barium 


1 Osborne prefers to use silver nitrate. 
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sulphate, which is thoroughly extracted in the usual manner with 
boiling water, is evaporated down to remove the hydrogen sulphide 
and again made up to! litre; a Kjeldahl nitrogen determination in 
20 c.c. now gives the amount of nitrogen in the substances precipi- 
tated by silver and baryta. 


IV. Estimation and Isolation of Histidine. 


(2) The solution is freed from sulphuric acid by neutralising 
to litmus with baryta and adding barium nitrate as long as a preci- 
pitate is formed ; the barium sulphate is filtered off and washed. 

The solution is concentrated to 300 c.c., acidified with nitric acid, 
if necessary, and treated with silver nitrate, as before, till a test drop 
gives a yellow-brown colour with baryta; when this occurs it is exactly 
neutralised to litmus with baryta and 5 c.c. of a cold saturated solu- 
tion of baryta are added. If 1tocc. of the filtered solution when tested 
with a drop of baryta give a precipitate which indicates that the silver 
salt of histidine is not completely thrown down, 2 c.c. of saturated 
baryta solution are added to the main bulk, and this test is repeated 
until a test portion remains clear. The precipitate of the silver salt of 
histidine is then filtered off. 

Instead of adding excess of baryta, Kossel and Pringle direct that 
a suspension of barium carbonate be added to the neutral solution, the 
solution warmed on the water-bath and then raised to the boiling- 
point. After cooling, the histidine silver salt is filtered off and washed 
with baryta till free from nitric acid. The filtrate and washings are 
treated as in V. for arginine. 

The precipitate of the silver salt of histidine is suspended and 
heated in water to which sulphuric acid is added until the reaction is 
acid and decomposed with hydrogen sulphide. Excess of hydrogen 
sulphide is removed by boiling and the silver sulphide is filtered off 
and washed. The solution and washings are concentrated and made 
up to 250 cc. A nitrogen estimation in 20-25 c.c. by Kjeldahl’s 
method gives the amount of histidine. 

The histidine is isolated from the remainder of the solution as 
hydrochloride or as picrolonate :— 

1. As Hydrochloride.—The solution is made alkaline with baryta, 
the barium sulphate formed is filtered off, excess of baryta is removed 
by carbon dioxide, and the whole is evaporated to dryness. The resi- 
due is extracted with boiling water and to the solution, filtered from 
barium carbonate, hydrochloric acid is added. Histidine dichloride, 
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C,H,N,O,. 2HCI, is obtained on evaporating down. The yieldis 75-80 
per cent. of the histidine estimated by the Kjeldahl determination. 

2. As Picroloniate-—The excess of sulphuric acid is removed by 
treating the hot solution with excess of baryta, and excess of the 
latter is removed by carbon dioxide ; it is evaporated down and filtered 
from barium sulphate and carbonate, which are thoroughly washed. 
The filtrate and washings are evaporated to about 10 c.c., if necessary 
after the addition of a drop of sulphuric acid to remove the last traces 
of barium. The necessary quantity of picrolonic acid (calculated from 
the above Kjeldahl determination and dissolved in a small quantity of 
alcohol) is added; the precipitate of histidine picrolonate is filtered off 
after three days, washed with water, dried and weighed. The amount 
of histidine can be calculated from the formula C,H,N,;O, . C,,H;N,9O; ; 
it corresponds very closely with the amount calculated from the 
Kjeldahl estimation. 

(6) Osborne, Leavenworth and Brautlecht find that it is better to 
remove the greater portion of the histidine by precipitation with 
mercuric sulphate. The solution is concentrated to about 250 c.c., 
sulphuric acid is added till the solution contains 5 per cent. of this 
acid, and it is treated with a slight excess of mercuric sulphate solution. 
The precipitate of histidine mercury sulphate is allowed to stand for 
twelve to twenty-four hours when it is filtered off, washed with 5 per 
cent. sulphuric acid, suspended in water and decomposed with hydrogen 
sulphide. The filtrate and washings from the mercuric sulphide which 
contain the histidine are neutralised with baryta and barium nitrate 
added until barium sulphate is no longer precipitated. The barium 
sulphate is filtered off and thoroughly washed. The histidine is then 
thrown down as silver compound and estimated as under (a). The 
filtrate from the mercury precipitate is freed from mercury, neutralised 
and treated as described under (a) so as to throw down the small 
quantity of histidine not precipitated by mercuric sulphate. 
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V. Estimation and Isolation of Arginine. 


The filtrate containing the arginine is saturated with baryta; the 
precipitate of the silver salt of arginine, so obtained, is filtered off, and 
precipitate and filter paper are stirred up in a mortar with baryta, 
filtered off, and the process repeated till the precipitate is free from 
nitric acid. It is then suspended in water containing a slight excess 
of sulphuric acid and decomposed with hydrogen sulphide. The 
filtrate and washings from the precipitate of silver sulphide and barium 
sulphate are evaporated down and made up to 500c.c., or I litre. The 
amount of arginine is estimated from the amount of nitrogen deter- 
mined in 25-50 c.c. of this solution by Kjeldahl’s method. 

The arginine is isolated from the remainder of the solution as 
nitrate, copper nitrate double salt, or as picrolonate. 

1. As Nitrate.—The solution is freed from sulphuric acid by baryta, 
the excess of which is removed by carbon dioxide, and evaporated 
down. The last traces of baryta are then removed with a drop of 
sulphuric acid, the solution is neutralised with nitric acid and evapor- 
ated to dryness. Arginine nitrate, C,H,,N,O,. HNO; + 4H,O is ob- 
tained as a dry white crystalline mass. The double salt with copper 
nitrate is then prepared from the nitrate by boiling with copper oxide ; 
a yield of 85-90 per cent. is obtained. 

2. As Picrolonate.—The solution is freed from sulphuric acid as 
described above, and evaporated down toabout 10 c.c. The necessary 
quantity of picrolonic acid (calculated from the nitrogen determination 
and dissolved in a small volume of hot alcohol) is then added; the 
yellow crystals of picrolonate are filtered off after a few days, washed 
with a small quantity of water, and dried at 110°. The yield of 
arginine calculated from the picrolonate, C,H,,N,O,.C,,H,N,O;, which 
loses its one molecule of water of crystallisation at 110°, is almost 
quantitative, since the picrolonate has the very slight seal?! of I 
part in 1124 parts of water. 
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VI. Estimation and Isolation of Lysine. 


The lysine is contained in the filtrate from the precipitate of the 
silver salts of arginine and histidine. 

The solution is acidified with sulphuric acid and freed from silver 
by hydrogen sulphide ; the filtrate and washings from the precipitate 
of silver sulphide and barium sulphate, which is treated in the usual 
manner, are evaporated down to 500 c.c. Sulphuric acid is then added 
until the content is 5 per cent., and the lysine is precipitated by not 
too large an excess of phosphotungstic acid. This is added until a 
portion of the clear liquid on the further addition of the reagent re- 
mains clear for ten seconds. After twenty-four hours the precipitate 
of lysine phosphotungstate is filtered off by suction and washed with 
5 per cent. sulphuric acid by stirring up ina mortar. After making 
up the filtrate and washings to a definite volume an estimation of the 
substances not precipitated may be made in an aliquot part by the 
Kjeldahl method. 

The lysine phosphotungstate is made into a uniform suspension 
with water and poured into boiling water. A hot saturated solution 
of baryta is added until the solution is strongly alkaline and contains 
excess of baryta. The precipitate of barium phosphotungstate, which 
is formed, is filtered off and boiled out several times with baryta and 
then with water. The alkaline solution is freed from baryta by means 
of carbon dioxide, concentrated, filtered, and evaporated on the water- 
bath nearly to dryness. Water is then added, the barium carbonate 
filtered off and washed, and the solution once more evaporated, after 
which it is made up to a definite volume and the lysine estimated in 
an aliquot portion by Kjeldahl’s method. 

The lysine is separated from the remainder of the solution as 
picrate. The solution is evaporated down in a porcelain basin to dry- 
ness, and a small quantity of alcohol is added to the sticky residue. 
It is then treated with a saturated solution of picric acid in alcohol 
until no further precipitation of picrate occurs. After twenty-four 
hours this precipitate is filtered off and washed with a small quantity 
of absolute alcohol; it is then recrystallised by solution in boiling 
water, filtering if necessary, and evaporating to a small volume, when 
lysine picrate, C,H,N,O, .C,H,(NO,),OH, crystallises in needles on 

1 Schulze and Winterstein [1902] found that phenylalanine under certain conditions is 


precipitated by phosphotungstic acid and they have been able to isolate phenylalanine in 
this way. 
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cooling; these are filtered off, washed with alcohol, dried, and 
weighed. 

The last portions of the lysine in the mother liquor from the picrate 
can be obtained by acidifying with sulphuric acid, extracting the picric 
acid with ether, precipitating as phosphotungstate, and repeating the 
above process for obtaining lysine picrate. 


Colorimetric Estimation of Histidine. 


Weiss and Ssobolew [1913] attempted to estimate histidine colori- 
metrically by its reaction with diazobenzene sulphonic acid. With 
pure solutions of histidine their attempts were successful; the esti- 
mation was apparently not so successful in solutions containing other 
amino acids, as no data were given. In all cases, tyrosine which gives" 
a very similar reaction, must be absent from the solution. 

In performing the reaction a fresh solution of diazobenzene sul- 
phonic acid is necessary. The authors prepared a standard reagent 
made up by mixing 1 part of solution A with 2 parts of solution B. 

The composition of these is :— 

A = 4 grams of sulphanilic acid, 40 c.c. concentrated hydrochloric 
acid, water to 400 c.c. At room temperature solution takes place in 
twenty-four hours. 

B = 0'5 per cent. solution of sodium nitrite in water. 

The solution is made alkaline with a 10 per cent. solution of 
anhydrous sodium carbonate. 

A standard solution of I in 10,000 of histidine monochloride is 
also required. 

The standard colour for comparison is made by thoroughly mixing 
1°5 c.c. of the diazo reagent (1A + 2B) with 10 cc. of the standard 
histidine solution and adding 3 c.c. of the soda solution. ‘The colour 
produced is in five to ten minutes of a pure red shade, optimal, and 
stable. | 

The unknown solution is successively diluted say I in 5, I in 20, 
yim go, ¥ in SO, 1 in roo Toe_to c.c.. are-added 1-5 ¢:c. of diazo 
reagent and 3 c.c. of soda as above.' 

The dilution at which a colour corresponding with the standard 
colour is noted. As soon as the colour intensity decreases, the optimal 
dilution is passed. For example the matching of colours may be-be- 
tween I in 80 and 1 in 160. Intermediate dilutions of I in 100 and 


1No colour appears with very concentrated solutions of histidine, so that absence of 
colour does not imply absence of histidine, unless no colour appears on further dilution. 
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I in 120 are made until there is the best matching of the colours. 
Finally, a stage will be reached at which I in 100 may be the best 
match and 1 in 1o1 will give a colour which is slightly less intense. 
The final matching may be performed in a Duboscq colorimeter. 

With solutions containing other amino acids, just as with concen- 
trated solutions of histidine, no colour appears unless more reagent 
is added. This is due to the combination of other amino acids with 
the reagent. In order therefore to estimate histidine under these con- 
ditions more reagent is necessary and in order to avoid excess, which 
interferes by producing a dirty-green colour, a fixed volume of 20 c.c. 
was decided upon. This volume allows of an alteration of the amount 
of diazo reagent of from 1°5 to 7 c.c., eg., 10 c.c. solution + 4°5 c.c. 
reagent + 3c.c.soda + 2°5 c.c. water. The standard was also diluted 
to 20 c.c. with 5°5 c.c. water. Two variables are thus introduced in 
effecting an estimation (a) the necessary dilution of the histidine solu- 
tion, (4) the necessary amount of reagent. 

The first testing is carried out with the reagent &, a series being 
prepared represented as £7, #°°, #® . . . &, k'°, where the index denotes 
the amount of reagent. Testing is then done with dilutions of the 


5 4 
solutions, the series being represented by fg etc., where the denomi- 
4 


nator denotes the dilution. In practiceall the preliminary experiments 
are not necessary, since as soon as the quantity of reagent is found, 
those trials with amounts greater than this quantity can be omitted. 
With greater dilution generally less reagent is required. The series 
experimentally tested may be for example— 


Le ee a ee Got eva eo ere nO DM ALeACt ayia 
a p° pt hi Ve Vg Bis 1 
. ine ‘a eee ie De 2 ” ” ”) 2° 
Ill kh 5 Vx p25 pe? Rs 5 
7 Bogs ae 
B5 Vx p25 Va pis Vg 
IVs Sanyo) ky) Kee Ge ae) ” ” ” oe 
4 44 4 4 4 
3 2° 2 ae, 
We ke ae i dd . All colours below standard. 


5.5 5.5 
3 
The estimation is then made with the solution represented by wie, 


with a dilution of 1 in 4 and with 3 c.c. of reagent. 
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THE RESULTS: OF THE ANALYSIS. 
A. 


Inspection of the results of analysis, which are tabulated on pages 
111-130, shows that there is a considerable deficit in the sum of the 
units composing the protein molecule. 

The best analyses are those of the protamines, of the silk-fibroin of 
spider’s silk, and the gliadin of wheat ; in these, some 80-90 per cent. 
of the protein is accounted for; in most cases, the sum of the figures 
only reaches 50-70 per cent. and in the other cases complete analyses 
do not exist. The deficiencies are due almost entirely to losses in- 
curred in isolating and purifying the amino acids. 

A careful inquiry where the loss occurs has been made by Osborne 
in conjunction with Leavenworth and Brautlecht [1908] and in con- 
junction with Jones [1910, 1, 3], and by Abderhalden [1910], Abder- 
halden and Weil [1911, 2; 1912, 1], who have estimated the nitrogen 
at each stage in the process for isolating the mono-amino acids. 

Osborne, Leavenworth and Brautlecht have proved that the loss 
does not fall upon the di-amino acids. They are convinced that the 
method for their isolation and estimation is extremely satisfactory, for 
they have been able to recover from 80-90 per cent. of the di-amino 
acids in a pure state. They consider that no other di-amino acid than 
the three hexone bases is present in most proteins; Fischer and 
Abderhalden’s diaminotrioxydodecanic acid in caseinogen may be an 
exception ; this protein seems to be the most compiex in the number 
of units which it contains. 

The loss therefore occurs in the isolation and estimation of the 
mono-amino acids. Fischer pointed out, when he first described his 
ester method, that the values were not to be regarded as quantitative. 
The fact that all the figures given are those of the amount of the pure 
dry compound isolated is sufficient evidence that the total quantity of 
products is not accounted for. 

The sources of loss in the several steps of the long process have re- 
ceived special attention from Osborne and Jones [1910, 1, 3], who are 
confirmed in their observations by Abderhalden and Weil [1911, 2; 
LOD2;-1 |; 

1. fTydrolysts—In many cases the hydrolysis of the proteins may 
not have been complete. Some proteins are very difficult to bring 
into solution in the concentrated hydrochloric acid, and portions may 
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adhere to the sides of the flask and may therefore not be hydrolysed. 
Even if there be apparent total solution a small amount may escape 
hydrolysis by becoming enclosed in the “humin” which is formed to 
a greater or lesser extent. The insoluble material should be filtered 
off, washed, and tested with the biuret reaction. The absence of the 
biuret reaction is not an absolute criterion that hydrolysis is complete, 
for many polypeptides do not show it and are very resistant to 
hydrolysis. The residue, if large, should therefore be hydrolysed 
again. Complete hydrolysis should be tested for by Van Slyke’s 
amino-nitrogen method (p. 89). Osborne has found that hydrolysis 
is sometimes only complete after boiling for two to five days. 

Henriques and Gjaldbak [1910] made an examination, by the 
formal titration method of Sdrensen, of the completeness of hydrolysis 
of proteins by the action of enzymes and by boiling with acids. Hy- 
drolysis by enzymes was seldom complete, but complete hydrolysis 
was effected by boiling for twelve hours with 20 per cent. hydrochloric 
acid, except in the case of certain proteins. They found that com- 
plete hydrolysis occurred on heating the protein with 3N hydrochloric 
acid for oneand a half hours in an autoclave at 150°. The completion 
of hydrolysis could only be ascertained by testing the solution for in- 
crease of amino groups whilst at the same time the amount of ammonia 
must be minimal, ze. arising only from amide groups and not by 
deamination of the amino acids. Andersen and Roed-Miiller [1915] 
on account of the fact that more ammonia is slowly formed in a pro- 
longed hydrolysis are inclined to attribute its origin to uramido groups 
in the protein molecule. The rate of evolution of ammonia was found 
by Skraup and Hardt-Stremayr [1908] to be rapid at first and quite 
slow subsequently, the greater part being evolved at the beginning of 
the hydrolysis. Van Slyke [1912, 2] maintained that the maximum 
amino nitrogen was evolved whether the hydrolysis was effected in an 
autoclave at 150° or by boiling at 100° for forty-eight hours; there 
was less tendency for deamination at 100° than at 150. 

Pittom [1914] also found that ammonia is rapidly liberated in the 
early stages of hydrolysis. Amino-nitrogen is liberated in the same 
way during hydrolysis by acid, or by enzymes. Caseinogen differs 
from egg-albumin in its hydrolysis. More amino acids are formed from 
caseinogen than from egg-albumin in the earlier stages ; the reverse 
holds good at later stages; at a still later stage the rate of amino acid 
formation is the same as in the early stage. There seems to be a defi- 
nite point at which complex polypeptides are broken down into simpler 
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compounds. Some of the simpler polypeptides are not precipitated 
by phosphotungstic acid. 

Sulphur-containing substances and sometimes sulphur have been 
found in the reflux condenser, and the smell of iodoform has been - 
noticed in the hydrolysis of spongin. 

2. Formation of Humin.—Nearly all proteins on hydrolysis yield an 
insoluble brownish-black residue, humin or melanin. Humins are 
formed by boiling carbohydrates with concentrated mineral acids, and 
if nitrogenous matter be present, the humin contains nitrogen. 
Samuely [1902] suggested that the humin formed from proteins was 
due to a secondary reaction between amino acids and carbohydrates, 
and obtained melanins containing nitrogen on boiling various amino 
acids with hydrochloric acid in the presence of carbohydrate. Maillard 
[1912] similarly obtained melanin-like substances on heating glucose and 
other carbohydrates with glycine and alanine; the reaction was most 
rapid with xylose and arabinose, and alanine was the most reactive of 
the amino acids. These products were shown by Maillard [1913] to 
yield cyclic bases on heating, and he suggested that cellulose and pro- 
tein were the origin of the pyridine and allied bases found in coal-tar. 
Pyridine and other bases were obtained by Pictet and Chou [1916] by 
hydrolysing caseinogen in the presence of formaldehyde, and Maillard 
[1916] maintained that his results were substantially in agreement 
with those of Pictet and Chou. Gortner and Blish [1915], knowing 
that zein, which contains neither tryptophan nor carbohydrate and only 
a small quantity of histidine, gave very little humin, heated zein with 
acid in the presence of tryptophan and carbohydrate and obtained 
86°6 per cent. of the nitrogen of the tryptophan in the form of humin; 
with histidine in the place of tryptophan o°5 per cent. of its nitrogen was 
contained in the humin. Tryptophan thus is largely concerned in the 
formation of humin. Grindley and Slater [1915] found that other 
amino acids were concerned in the formation of humin. <A detailed 
investigation upon the amino acids taking part in the formation of 
humin was made by Roxas [1916]. Alanine, leucine, phenylalanine 
and glutamic acid are not factors in humin formation; proline may be 
a factor under certain conditions in the formation of humin. Trypto- 
phan gave up 71 per cent. of its nitrogen, tyrosine 15, cystine 3:1, 
arginine 2°3, lysine 2°6, histidine 1°8. Generally, fructose and xylose 
were more reactive than glucose, and the three hexone bases reacted 
more readily in weak acid solutions than in strong. The amino nitro- 
gen of arginine, histidine, and tryptophan was lost in the formation of 


humin ; tyrosine and cystine did not react with loss of nitrogen. 
Pid 5 
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Roxas suggested that the mechanism of the reaction was: 
(1) with histidine :— 
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(3) with tryptophan :— 
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These ame condensation products can explain the formation of 
pyridine from melanin or humin :— 
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Gortner [1916] showed that the aldehydes, furfural, benvattenente 
and formaldehyde reacted on boiling with hydrochloric acid in a way 
similar to carbohydrates, and in presence of amino acids the humin 
nitrogen was large. The humin was mostly insoluble in acid except 
in the case of tryosine and formaldehyde. It appears that the reaction 
consists in the formation of furfural from carbohydrate and that humin 
arises by the condensation or decomposition of furfural together with 
nitrogen from amino acids if these be present in the solution. 

The loss of products is considerably greater than the quantity of 
‘“humin,” which generally amounts to 1-2 per cent. of the protein. A 
loss, which cannot be estimated, is represented by the soluble brown 


pigment which colours the solution. 
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3. Separation of Glutamic acid Hydrochloride.—The quantity of 
glutamic acid precipitated as hydrochloride never represents the total 
quantity present in the protein. The amount precipitated depends 
very largely on conditions. The precipitate usually contains am- 
monium chloride; this is removed by boiling with baryta, and if the 
baryta be removed with carbon dioxide the barium carbonate may 
contain barium glutamate, which is very insoluble, and consequently 
there is loss of this constituent. The remainder of the glutamic acid 
is recovered with the esters. 

4. Esterification.—The loss in this process is not great, especially 
if it be repeated. Loss is chiefly due to hydrolysis of the esters when 
the water is removed by evaporation zz vacuo. Phelps and Tillotson’s 
method seems to be preferable. 

5. Separation of Glycine Ester Hydrochloride.—The glycine is never 
completely isolated as ester hydrochloride; the remainder is obtained 
as ester. 

6. Extraction of Esters.—Loss always occurs in this part of the pro- 
cess, but is covered when the process is repeated. The loss is largely 
mechanical and cannot be avoided. A small quantity of organic 
matter is retained by the sodium sulphate used for drying the esters. 

7. Distillation of Esters——(a) In distilling off the ether, especially 
if its volume be large, a considerable quantity of esters distils at the 
same time. ‘Two receivers should be used and the esters extracted 
from the distillate. 

(2) Decomposition of the esters occurs during the distillation, and 
a more or less large residue represents the loss. The products can 
be recovered, if necessary. 

Abderhalden and Weil have found that in the process up to this 
stage 30 per cent. of glutamic acid, 40-45 per cent. of aspartic acid, 
37°5 per cent. of glycine, 30 per cent. of alanine, and 20 per cent. 
of leucine are lost; some of the glutamic acid is lost by conversion 
into pyrrolidone carboxylic acid. In the case of a mixture, of the 
glycine 50 per cent. was recovered, of the alanine 57 per cent., of the 
leucine 66 per cent., of the glutamic acid 58 per cent., and of the 
aspartic acid 40 per cent. The esters were liberated by treatment 
with caustic soda and sodium carbonate, alcoholic soda or ammonia. 
The best yields were obtained with alcoholic soda. The loss of higher 
boiling esters is greatly diminished if the distillation of fraction IV. be 
omitted. Osborne and Jones found that the separation of the esters 
in this fraction is not more troublesome than when they are distilled, 

5* 
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8. Separation of the Individual Amino Actds.—The greatest loss 
occurs here as none of the methods of isolating the compounds are 
perfect. 

(a) Proline—The quantity extracted by alcohol is much greater 
than that obtained in a pure crystalline state and reckoned as pro- 
line. An estimation by Van Slyke’s method may give the actual 
amount, though Abderhalden and Kautzsch think that this value is 
not really satisfactory. Abderhalden and Kautzsch [1912] regard the 
proline content determined gravimetrically as being very much below 
the actual amount. | 

(6) Valine, Leucine, Isoleucine.—The figures given represent the 
quantity of substance isolated in a pure state. The leucine figures 
in the tables are really those for leucine + isoleucine. 

(c) Glycine and Alanine—Nearly all the glycine can be obtained, 
but the actual amount of alanine is much greater. 

(2) Glutamic Acid—Probably the figures given for this amino acid 
most nearly approach the real content of the protein in this constituent. 

(ce) Aspartic Acid and Serine-—The figures are much too low, as 
the method of separation is extremely unsatisfactory. 

9. Oxyproline—The amount of this substance in the protein is 
greater than the quantities which have been isolated. Its method of 
isolation is so laborious that data are only available fora few proteins. 

10. Tyrosine and Cystine-—The data for tyrosine most probably 
represent the content of the protein in this unit very closely. 

The data for cystine are unsatisfactory; in many cases the data 
are calculated from the sulphur content of the protein; in the other 
cases they are those from pure isolated cystine. More satisfactory 
data are given by Van Slyke’s amino method (p. 85). 

11. Iryptophan.—A large amount of protein is required for the 
isolation and estimation of tryptophan; it is on this account most 
probably that so few dataexist. The isolation is easier the larger the 
quantity of material. Tryptophan might be isolated first in most cases 
and the remainder of the products isolated subsequently. 

Osborne, allowing for all losses, calculates that from 41-82 per cent. 
can actually be recovered. In the cases of zein and gliadin 86 and 68 
per cent. respectively are known; in the case of vignin only 5 per cent. 
more has to be accounted for. The losses from the esters are com- 
puted to be 50 per cent. of the alanine, serine, aspartic acid; 30 per 
cent, of the valine, proline, glutamic acid, phenylalanine ; 20 per cent. of 
the leucine: only 50 per cent. of the cystine and tryptophan may be 
accounted for, 
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Methylation of Amino Actas. 


A method which may prove of some service in separating these 
various mixtures was described by Engeland [1909]. Theamino acids 
are methylated in alkaline solution with methyl iodide and converted 
into their betaines :— 


PCB, 

CH,.NH, GaN cu, 
+ 3CH,I + 3NaOH = 3Nal+3H,O+ | | \CH, 

COOH CO=0 


These products are separated by means of their double salts with 
mercuric chloride, gold chloride, and platinum chloride. In the case 
of caseinogen, Engeland isolated (1) l-methyl-hygric acid, which is de- 
rived from proline; a yield corresponding to 6°7 per cent. of proline 
was obtained; (2) trimethyl leucine, (3) trimethyl valine, (4) betaine, 
(5) trimethyl-alanine. Subsequently, Engeland [1910] prepared the 
trimethyl derivative of phenylalanine and dimethyl glutamic acid, and 
[1914] isolated methyl-hygric acid from the products of hydrolysis of 
spongin. The procedure adopted was very laborious and seems to 
offer no advantages over the ester method. Its chief use may be in 
the separation of those mixtures which result by the ester method and 
for which the methods at present in use are not so satisfactory. 


B. 


The data in our possession show definitely that the various proteins 
are composed of the same units; in some cases certain are missing 
and in other cases one or more units are present in very much larger 
amount. These differences on the whole confirm our classification of 
the proteins on physical properties. No great differences are notice- 
able between the members of any single group except in the case of the 
scleroproteins. Although two proteins in any group may contain the 
same amount of any unit we cannot say that they are identical. Even 
if they contained the same amount of all the units they might still be 
different, for the arrangement of the units in the molecule may not 
be the same. The analytical data are given on pp. I1I-130. The 
following brief particulars may be noted :— 
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Protamines. 


The first work upon this group of proteins was carried out by 
Miescher [1874], who described the basic substance—protamine— 
present in the sperm of salmon. Piccard [1874] made similar in- 
vestigations. Kossel extended the work of Miescher by examining 
the basic proteins in the sperm of other fishes. He termed the 
whole group protamines, the individual members being called 
salmine, sturine, clupeine, etc., according to the name of the fish from 
which they were prepared. 

The first analyses of salmine and sturine [Kossel, 1896-97] were 
qualitative and showed the presence of arginine and histidine with 
quite small amounts of mono-amino acids. Lysine was found later 
in sturine [Kossel, 1898], and it was thought that the protamines 
contained the three bases as their principal constituents, but Kossel 
[1898-99] with improved methods of analysis showed that arginine 
only was present in salmine and clupeine, whereas sturine contained 
all three hexone bases. Subsequent work by Kossel [1898-99, 
1903], Morkowin [1899], Kossel and Dakin [1903-4, 1904, 1905] was 
devoted to the identification of the mono-amino acids. Quantitative 
analyses of the di-amino acids were made by Kossel and Kutscher 
[1900-1], and Kossel and Dakin [1904] published a complete analysis 
of salmine. Their result does not conform to that of Abderhalden 
[1904] and the difference is to be attributed to the material analysed ; 
Abderhalden probably used salmine prepared from unripe sperm and 
not sufficiently purified; Kossel and Dakin used carefully purified 
salmine from ripe sperm. 

A large number of protamines have been analysed by Kossel 
[1910, 1913] and the nature of the mono-amino acids determined 
in some of them by Kossel and Edlbacher [1913]. Some of these 
were previously investigated by Ulpiani [1902], by Dezani [1908], 
and by Taylor [1908-9]. Maleniick [1908] prepared sturine from the 
Russian sturgeon, but did not analyse its constituents. His method 
of preparation was criticised by Kossel [1910]. Kossel [1913] did 
not give the actual quantity of the units in these protamines, but 
determined the percentage of the total nitrogen present as arginine- 
nitrogen, histidine-nitrogen, mono-amino acid-nitrogen. The arginine- 
nitrogen on the average was about 80 per cent. of the total nitrogen, 
the mono-amino acid-nitrogen about 10 per cent. Lysine was absent 
and histidine present only in percine. 

The analyses show that the protamines are built up almost ex- 
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clusively of di-amino acids, especially arginine, salmine containing over 
80 per cent. Only small amounts of mono-amino acids are present in 
them. The mono-amino acids are alanine, aminovalerianic acid, serine, 
proline, tryptophan and tyrosine. It has not been determined whether 
the aminovalerianic acid is identical with valine from other proteins, 
though this is probable. 

The chief features are the presence of arginine and the absence of 
lysine and histidine in salmine, clupeine, cyclopterine and other 
protamines, Sturine only contains arginine, histidine and lysine ; 
cyprinine contains arginine and lysine; percine contains arginine and 
histidine. The general composition of the protamines seems to be 
a,m or (ahl)ym or (ah)ym where a represents arginine, 4 histidine, 
Z lysine, and m mono-amino acid [Kossel, 1913]. 

As to the origin of the di-amino acids in the protamine of fish 
sperm the observations of Miescher suggested their formation from the 
muscular tissue of the fish. The salmon does not feed during its life 
in the river and loses weight at the expense of the increase in size of 
its roe. Kossel [1905] made calculations as to this possibility: the 
roe of a salmon contains 27 grams of protamine with 22°8 grams of 
arginine ; if the muscular tissue contain 7°I per cent. of arginine, 321 
erams of it would be required: more than this quantity of muscle is 
decomposed during the life of the salmon in the river, so that, as there 
is no evidence for its synthesis, its origin is by transference from 
the muscular tissue. Actual analyses of the protein of salmon muscle 
and salmon tissue have been made by Weiss [1907] and they confirm 
the calculations. In the transference of the arginine from the muscle to 
the roe it seems that it is rendered stable by combination with nucleic 
acid or some other grouping and thus transported, for under the 
ordinary conditions of decomposition of tissues arginine is itself de- 
composed. The transfer appears to occur not as the transfer of a 
single unit, but as the transfer of a complex containing several units. 
Such a complex is a histone which contains more mono-amino acid 
units than a protamine. ; 

In general, Kossel regards the protamines as the simplest proteins, 
the more complex or ordinary proteins containing a protamine nucleus 
(z.e., of di-amino acids) to which is attached the mono-amino acid units, 
the histones being intermediate substances. This theory is supported 
by the results of analysis of other proteins, all of which contain 
arginine and other di-amino acids. The isolation from proteins of 
complexes containing only di-amino acids will be the only proof ofa 
protamine nucleus in a protein molecule. 
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Histones. 


Histones are found in the unripe sperm of the salmon [Miescher, 
{874], mackerel [Bang, 1899], and other fishes [Ehrstrém, 1901]; also 
in the ripe sperm of the sea urchin [Matthews, 1897]. The first 
representative of the group was the histone, to which the name was 
first applied, prepared by Kossel [1883-84] from the red blood cor- 
puscles of the goose. Lilienfeld [1894] prepared a similar substance 
from the thymus, and Schulz [1898] found that globin of hemoglobin 
belonged to this group. Histones are characterised by being precipi- 
tated by ammonia in the presence of ammonium salts. Their other 
properties are described by Bang [1899]. They contain from 159I- 
19°79 per cent. of nitrogen. 

Histones are supposed to be intermediate compounds between 
protamines and other proteins, and this supposition is confirmed by 
the results of analysis. They are distinguished from protamines in 
their smaller content of di-amino acids, namely, about 25 per cent. 
Only in the case of thymus-histone has an estimation been made of 
the mono-amino acids. 

The protein constituent—globin—of hemoglobin has always been 
regarded as a histone, but the presence of only 20 per cent. of di-amino 
acids is against this supposition. Further, the principal di-amino acid 
is histidine, whereas in the other histones it is arginine. It should be 
noted that hemoglobin contains a considerably greater amount of 
histidine than the other proteins. The high content in histidine 
appears to be a peculiarity of the hemoglobins; it may be connected 
with the origin of the red blood corpuscles from nucleated corpuscles 
since the glyoxaline ring contained in histidine is also contained in 
the purine bases, which are present in nucleic acid. Comparative 
data of the amount of histidine in the hemoglobin of different animals 
by Abderhalden and Medigreceanu [1909] are at present only avail- 
able for the red-blood corpuscles ; those of the horse contain 5°3 per 
cent., of the hen 2°8 per cent., of the duck 2°5 per cent., of the goose 
SO speracent. 

An examination of the mono-amino acids in hemoglobin was 
undertaken by Proscher [1899] before Fischer had described his ester 
method. ‘The analysis by Fischer and Abderhalden [1902] was 
repeated by Abderhalden [1903] whose data were considerably higher 
than those found by Fischer and Abderhalden ; the mixture of amino 
acids was esterified three times. Abderhalden and Baumann [1907] 
analysed the hemoglobin of dog’s blood. 
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Albumins and Globulins. 


Albumins contain no glycine, whereas globulins contain this amino 
acid; they show no other striking differences. Their differentiation 
on physical grounds is thus scarcely borne out by analysis, and their 
interconversion, which has been described, may be possible, 

The most recent results for crystallised egg-albumin by Osborne, 
Jones and Leavenworth [1909] confirm the earlier ones by Abderhalden 
and Pregl [1905, 2]. They show that workers in different parts 
obtain very similar results with Fischer’s ester method. The values 
by Hugounenq and Morel [1906] and by Hugouneng and Galimard 
[1906] are for coagulated egg-white. 

Chapman and Petrie [1909] determined that egg-white contains 2°4 
per cent. of arginine, 3°2 per cent. of lysine, and o-7 per cent. of 
histidine, data which were required for experimental work on nutrition. 

The comparative data by Abderhalden and Slavu [1909], both of 
serum albumin and serum globulin, with regard to their content in 
glycine, tyrosine and glutamic acid would incline one to believe that 
both the serum albumins and the serum globulins of different origin 
were of the same composition. They show no very great difference 
from fibrin. 

The composition of lactalbumin has been determined by Abder- 
halden and Pribram [1907] and by Osborne, Van Slyke, Leaven- 
worth and Vinograd [1915]. The very high lysine content of this 
protein accounts for its value in nutrition. It would appear that 
the globulin in milk contains glycine, a mixture of the coagulable pro- 
teins having been analysed by Abderhalden and Hunter [1906, 1]. 
Abderhalden and Schittenhelm [1906] found 1°3 per cent. of tyrosine 
and 1 per cent. of glutamic acid in the albumin of human milk. 

Hopkins and Savory’s thorough investigation of the Bence-Jones 
protein [1911], in which they showed that its peculiar physical pro- 
perties were due to the conditions under which it was examined, and 
that its chemical composition differed so distinctly from that of the 
proteoses, brings this protein into the class of coagulable proteins as a 
globulin. The Bence-Jones protein is characterised chemically by a 
high content of the aromatic amino acids; the combined values for 
phenylalanine and tyrosine are higher than those for any other blood 
or tissue protein. Both physically and chemically this protein seems 
to stand in a class by itself. Abderhalden and Rostoski [1905, 2] had 
previously analysed and examined this protein. Their figures are 
very similar to those of Hopkins and Savory. 
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The vegetable proteins show no great difference from the animal 
proteins in regard to the number of amino acids which they contain in 
their molecule. The most noticeable features are their high content in 
glutamic acid and in arginine. Their ammonia content is also high. 
This is probably connected with the large amount of the dibasic 
glutamic acid and is in harmony with the occurrence of asparagine 
and glutamine in growing seedlings. 


Albuminss 


Only two vegetable albumins have so far been analysed, the 
legumelin of the pea and the leucosin of wheat. The resemblance in 
their composition extends not only to the general proportions of the 
amino acids, but also to the quantity isolated. Leucosin occurs in 
the embryo of wheat; it is not possible to locate legumelin in any 
particular part of the seed, but, from analogy, it may be supposed that 
both these proteins are constituents of the physiologically active tissues 
rather than a constituent of the reserve food-stuff for the embryo. 
Legumelin is quite different in composition from legumin and vicilin, 
two other proteins contained in the pea. These albumins show a 
resemblance in their composition to the animal albumins. 


Globulins. 


All the globulins, which can be prepared in a crystalline state, 
have a very similar composition. Excelsin contains the greatest amount 
of arginine and edestin of glutamic acid. These proteins form the 
best source of arginine. Their content in glutamic acid is about half 
the content of the gliadins in this amino acid. It is unfortunate that 
the analysis of edestin by Osborne and Liddle [1910, 1] is incomplete. 
Their figures are higher than those of Abderhalden [1902, 1903] and 
they were unable to isolate oxyproline. 

No great difference is to be noted between the crystalline globulins 
and the other vegetable globulins, except in the proportion of arginine 
which is distinctly less in most of the non-crystalline ones. 

The legumins of the pea and vetch show no real difference in 
their physical properties and elementary composition, but the analysis 
shows that differences do exist, especially in the data for lysine and 
histidine. Analysis has also shown that vignin differs from the other 
legumins. 

The vicilin of the pea contains less sulphur (0°I-0'2 per cent.) than 
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any other protein; its analysis shows that it is distinct from legumin. 
It contains no glycine and more glutamic acid than legumin. A 
similar protein does not exist in the vetch. 

Amandin contains 19 per cent. of nitrogen; the high content in 
arginine and ammonia serve to explain this high figure. The proteins 
of the peanut are rich in lysine, and in this respect are of great value 
for improving a diet containing protein which is deficient in this unit. 

The high figure for valine in Foreman’s analysis of the protein of 
linseed is remarkable. | 


Gladins and Glutelins. 


There is a very marked difference in the composition of the two 
proteins found in cereals. Those amino acids, whichare absent in the 
alcohol-soluble protein, are present in the other protein, which is 
soluble in dilute alkali. The mixture (gluten) of these proteins in the 
grain, therefore, gives all the amino acids present in other proteins. 

The gliadins are very like one another in composition. They are 
distinguished from other proteins by their high content in glutamic 
acid, proline and ammonia, their low content in arginine and histidine ; 
lysine is absent from zein, but is present in wheat gliadin in very small 
amount. On account of the high content in proline and ammonia 
Osborne suggested the name of prolamines for this group; the group 
name—gliadins—has been preferred by the British workers. 

Wheat-gliadin and rye-gliadin show no great differences, and it 
seems probable that they are the same protein. Zein of maize differs 
from them in containing no glycine and no tryptophan and also in con- 
taining more leucine and less glutamic acid. The high tyrosine con- 
tent found by Kutscher does not seem to be correct. Kafir, largely 
grown in U.S.A., contains kafirin as its chief protein, which resembles 
zein, but contains lysine and tryptophan. Hordein contains more 
proline than any other protein. 

Wheat-glutenin and the other glutelins seem to contain all the 
amino acids which have been isolated. The analysis of rice by the 
Japanese workers is for the whole grain and not for the isolated pro- 
tein; they found that the husk of the grain also contained protein, 
and that the proportions of the constituent amino acids were different. 
Data for the di-amino acids in oryzenin have been published by 
Osborne, Van Slyke, Leavenworth and Vinograd [1915]. 
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Phosphoproteins. 


There is no striking peculiarity noticeable in the analyses of the 
phosphoproteins. If we disregard the small quantity of glycine found 
in caseinogen by some workers and in vitellin by Abderhalden and 
Hunter, who used the commercial product in their investigation, we 
must note the absence of this amino acid in the phosphoproteins. It 
is also absent from the albumins. Glycine is apparently, from the 
results obtained by numerous workers, the only amino acid which can 
be synthesised by the animal body from other products ; if these phos- 
phoproteins, especially vitellin, really contain no glycine a further proof 
is given of its synthesis by animals. Abderhalden and Kempe [1907, 2] 
in their experiments on the synthesis of amino acids in the chick 
could not detect any differences in the amounts of glycine, tyrosine 
and glutamic acid at different periods of development. 


Caseinogen. 


Caseinogen has been hydrolysed more frequently than any other 
protein and was the protein first analysed by E. Fischer [1901] by the 
ester method. Fischer did not state the yields of the amino acids, but 
they were given later by Abderhalden [1905]. No data are given for 
isoleucine. Some samples of caseinogen seem to contain glycine; in 
others this unit is not found. 

The analysis of caseinogen by Osborne and Guest [1911, 1] is the 
most recent, and the data given are the highest which have been ob- 
served by them and other American workers. On account of the im- 
portance of this protein in nutrition it is very necessary to have as 
thorough an analysis as possible. The latest analysis has increased 
our knowledge of the constituent amino acids by about 15 per cent. 
Some 30 per cent. of the protein still remains unaccounted for. Fore- 
man’s unpublished figures indicate that some of the amino acids are 
present in larger amounts than other workers have found. 

The caseinogens of cow’s, goat’s, and human milk appear to have 
the same composition. 

Vitellin, etc. 


Vitellin, which has been analysed by four sets of investigators, has 
given very different results. The values of Hugouneng [1906] and of 
Levene and Alsberg [1906] do not correspond with the values of 
Abderhalden and Hunter [1906, 2] or of Osborne and Jones [1909, 1]. 
The values by the latter workers are the most recent and are probably 
the most accurate, 

The phosphoproteins in the eggs of fish (ichthulin) and the frog 
have been analysed by Hugouneng [1904] and by Galimard [1904]. 
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Scleroproteins. 


The scleroproteins, which in their physical properties comprise a 
heterogeneous collection of proteins, give on hydrolysis, as would be 
expected, results which support their classification. 


Silk. 


Of the proteins in this group those of silk have been most 
thoroughly investigated. Silk is a mixture of two proteins—silk- 
fibroin and silk-gelatin ; the latter is extracted from raw silk by boiling 
out with water under pressure when it loses 15-20 per cent. in weight ; 
the insoluble portion which has the structure of the original silk forms 
the silk-fibroin. 

Both silk-fibroin and silk-gelatin were analysed by Fischer and 
Skita [1901, 1902] when the ester method was first introduced. Silk- 
fibroin is composed of practically only three amino acids, glycine, 
alanine and tyrosine, and is probably the simplest protein known. It 
contains more tyrosine than any other protein except that of the cara- 
pace of the tortoise and is the best source of tyrosine. Silk-fibroin 
differs very markedly in composition from silk-gelatin; this substance 
contains more serine than any other protein. 

The composition of silk-fibroin and silk-gelatin from different 
sources is under investigation by Abderhalden and his pupils. ‘The 
present data show that the composition of the various silk-fibroins 
is fairly similar, although many differences can be noted. The New 
Chwang, Schantung and Chefoo varieties are rather peculiar in 
leaving a somewhat large residue after hydrolysis, which seems to be 
connected with the food-stuff of the silk-worms. The New Chwang 
and Schantung worms are fed on oak leaves. The Canton and Bengal 
silks are most like the Italian; Indian Tussore silk contains a 
considerably smaller amount of glycine. African Tussore silk is like 
other Tussore silks and the silk of Bombyx mori from Africa resembled 
that of Bombyx mori from other countries. The silk of Anaphe had 
also a similar composition, In fact, the silk of caterpillars, spiders, 
and of Pinna nobilis have an almost identical composition, with 
tyrosine, glycine and alanine as the chief constituents [Abderhalden, 
TOIly 

No striking differences are to be noted in the various silk-gelatins. 

The silk of other arthropods has also been examined. The silk- 
fibroin from spider’s silk, except for its high content in glutamic acid, 
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closely resembles that of the silk-worm. The silks examined by 
Suzuki, Yoshimura and Inouye [1909] were distinctly different. The 
material spun by Oéecetzcus of the family Psychide in order to unite 
the bits of wood together with which it builds its house contained no 
tyrosine, but otherwise resembled silk-fibroin. The absence of tyrosine 
brings out a resemblance to ovokeratin. 


Origin of the Amino Acids in Silk. 


Abderhalden and Dean [1909] and Abderhalden and Weichardt 
[1909] have tried to ascertain whether the amino acids composing the 
silk are elaborated at the moment of spinning or whether they are 
selected out of the protein material by the spinning gland. Since the 
composition of the moth and cocoon together is about the same as the 
silk-worm, it seems most likely that the spinning gland selects the 
constituents in making the silk and does not synthesise them from 
other products. 

Pigorini’s experiments [1915] with Bombyx mori indicate that 
glycine is assimilated if it be added to the food in small quantities ; 
in large quantities it had a toxic action, probably due to the formation 
of ammonia and other decomposition products. This fact supports the 
hypothesis that silk-formation is mainly a protective measure of the 
silk-worms, the object being to remove free amino acids from the 
organism. 

Inouye [1912] showed that a great change in chemical composition 
of the animal takes place in the preparation of the cocoon by the 
caterpillar, but there is very little change between the pupa and the 
moth. No nitrogen is given off in the gaseous state, but fat is stored 
up in the pupa stage and consumed by the pupa and moth. In all 
stages the amount of mono-amino acids present is greater than that 
of di-amino acids ; mono-amino acids are found almost entirely in the 
cocoon. Protein is hydrolysed by a proteoclastic enzyme and its loss 
is balanced by the increase in amino acids, which are partially con- 
verted into ammonia. Inouye [1910] determined the amount of food 
(mulberry leaves) consumed by the silk-worm. 1000 silk-worms ate 
12579°6 grams of fresh leaves whose dry matter was 4056°6 grams ; 
1324 grams or nearly 33 per cent. of the mulberry leaves were assimi- 
lated. The silk-worms were hatched on July 12th, attained maturity, 
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and commenced to spin on August 6th. In other terms, a silk-worm 
during the period of its life as caterpillar, consumes 12°6 grams of 
fresh mulberry leaf or 4:0 grams of dry leaf, of which 1°3 grams is 
assimilated, in a period of twenty-five days. The amino acids in 
mulberry leaves have been estimated by Katayama [1916]. There is 
a marked difference in the proportions of the different units (see p. 123). 
Of the three chief constituents of silk, alanine is present in large amount 
in the mulberry leaf, but there is very little glycine; tyrosine is evi- 
dently present only in small amounts asno yield is mentioned. These 
data suggest that glycine may be synthesised de zovo and that tyrosine 
arises from phenylalanine, 


Gelatin, Spongin, Elastin. 


Gelatin contains no tryptophan, cystine, or tyrosine, but it contains 
more glycine than any other protein, except elastin, It also con- 
tains a large amount of proline and oxyproline. Levene and Beatty’s 
analysis [1906] was not made by the ester method. This protein 
appears to have no similarity to silk-gelatin, which contains so much 
serine. 

Spongin resembles gelatin in its high content of glycine, but differs 
in its content of glutamic acid. 

Elastin seems to be made up almost entirely of glycine and leucine ; 
like gelatin, it contains no tyrosine, but it differs from gelatin in con- 
taining more phenylalanine. Nodi-amino acids could be isolated by 
Bergh [1898] and Hedin [1898], but a minute quantity of arginine 
was obtained by Kossel and Kutscher [1898]. 


Keratins. 


The keratins, except for certain of the proteins usually in- 
cluded in this sub-group, are remarkable for containing more cystine 
than any of the other proteins; in human hair cystine exists to the 
extent of about I4 per cent., in other keratins its amount varies from 
2-8 per cent. Tyrosine is also present in fair quantities, and the 
amounts of leucine and of glutamic acid are high. 

The amount of cystine isolated from the keratins is generally far 
below the actual quantity present. The cystine content has been 
ascertained by the determination of the total sulphur content of the 
hydrolysed protein and of the loosely-bound sulphur (see Part IT.) 
[Morner, 1901-2], or by the determination of the sulphur content of 
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the cystine fraction dissolved in ammonia [Buchtala, 1907]. More 
cystine is present in the hair than in the horn of the same animal, as 
the following figures show :— | 


Human hair 13°9 percent. (Mérner) Ox hair 7°23 Der cenit, (Buchtala) 
7 . 14°0 ,, ,, (Buchtala) +7 thorn 678. ear (Morner) 
9 ” 13°0 29 9 om 9 hoof Bat ” ” (Buchtala) 

¥9 ; oe te yy ” Horse hair 301g; 5) : 

99 99 (white) 11°56 99 99 9) 99 hoof 3°2 +e) Dey 99 

f nails 2), elias ee Pig's bristles. 957°25,,  ,, ap 

»» hoof 2:2.) ee ” 


Human hair thus contains nearly double the amount of cystine 
that is found in the hair of other animals. White hair has less 
cystine than brown hair. 

Horn and hair differ further in respect to their content in glycine 
and phenylalanine. Hair contains very little or no phenylalanine and 
from 3-4 per cent. of glycine (white hair 9 per cent.): horn contains 
very little glycine and from 2-3 per cent. of phenylalanine. 

The keratins of sheep’s wool and of goose feathers correspond in 
most respects with the keratin of hair. 

Comparative analyses by Abderhalden and Fuchs [1908] show that 
the horn of older animals contains slightly less glutamic acid than that 
of younger: ox hoof one year old contained 18 per cent., four years 
old 17; ox horn one year old 14, four years old 13. The data for 
the horny material of the epidermis of a fish, a tortoise, a snake, an 
armadillo and an elephant form an interesting series in comparative 
physiological chemistry. The high tyrosine content of tortoise shell, 
armadillo scales and snake’s scales is particularly noticeable and it is 
high also in whalebone and elephant hide. Tortoise shell has a high 
glycine content, like gelatin and elastin, and does not appear to con- 
tain glutamic acid. Tortoise shell has the highest tyrosine content of 
any protein. 

The analysis of the egg-membrane of hen’s eggs was made with 
material from 25,000 eggs; only a qualitative analysis with 17 grams 
of the egg-membrane of the eggs of Testudo graeca was possible. No 
tyrosine is present in these proteins, but the egg-membrane of the 
eggs of Selachians contains tyrosine and only traces of cystine. 
Koilin, the horny material in birds’ gizzards, has also a low cystine 
content. The egg-membranes and koilin are not considered by 
Hofmann and Pregl [1907] to belong to the sub-group of keratins, 
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Various Proteins. 


The only analyses which we possess of glucoproteins— pseudomu- 
cin and paramucin—were carried out before the ester method had be- 
come of general use. Otori [1904, 1, 2] has given some analytical 
figures, but Pregl [1908, 2] with the small quantity of material available 
could only perform a qualitative analysis. 

A large variety of proteins which cannot be included in any of the 
above groups have been examined, including micro-organisms and the 
muscle of Egyptian mummies. 

The qualitative data given by Abderhalden and Rona [1905] for 
Aspergillus niger are of special interest, as this mould was grown on 
different nutrient solutions and in each case the same amino acids 
were synthesised. Emmerling [1909] found the usual amino acids in 
the phosphorescent infusoria ; Tamura [1913, 1,2; 1914, 1, 2]examined 
the amino acids in the bacilli of tubercle and diphtheria, Mycobacter- 
ium and a water bacillus; Omeliansky and Sieber [1913] analysed 
Azotobacter chroococcum. The protein of yeast has been investigated 
by Pringsheim [1913], Neuberg [1915], and Meisenheimer [1915], 
The bacteria had a high content in phenylalanine, whilst the results 
for yeast are most variable. 

The data for the muscle of the Egyptian mummy are interesting 
as showing that the muscle substance is preserved from decomposition 
by the process of embalming. Autolysis of the muscle occurs, as 
amino acids could be extracted from the tissue by water. 

The analysis of tumours by the ester method may perhaps throw 
some light on cancer. Several tumours have been analysed, and they 
all gave figures approximating to those in the table (p. 129). More 
useful information was published by Drummond (1916), seeipp. 109, 13% 

By analysing the membrane enveloping the fat particles of milk 
Abderhalden and Véltz [1909] have been able to show that the protein 
is not caseinogen, but that it is most probably a mixture of proteins, 
as is generally believed. 

The analyses of chicken muscle, fish muscle, scallop muscle and ox 
muscle by Osborne and his associates are of extreme importance for 
the study of the nutritional value of these food-stuffs as compared with 
one another and with other, especially the vegetable, proteins. The 
several muscles show a very close resemblance to the vegetable globul- 
ins, but they contain less arginine and more lysine than these proteins. 
The high content in lysine is particularly noticeable; scallop muscle 


contains the least amount; in the other muscles it is about 7°5 per 
ie eee 6 
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cent. Fish muscle contains the least amount of glutamic acid ; the 
amounts in the other muscles are very close. The muscles are alike in 
respect of tyrosine, aspartic acid, arginine, lysine and histidine, and 
also phenylalanine, which is slightly more abundant in scallop muscle. 
Glycine is present in considerable amount in the free state in scallop 
muscle ; otherwise, it is present only in ox muscle to any extent; 
since syntonin contains very little glycine, it is probably derived from 
the connective tissue in the ox muscle. It is curious that, as we 
pass from the lower forms of life to the higher, the amounts of glycine, 
alanine, leucine and proline increase. 

The amount of protein in the nervous system seems to be small, as 
the total quantity of amino acid isolated by Abderhalden and Weil 
[1912, 2; 1913, 1] does not exceed Io per cent. Mention may again 
be made of the presence of norleucine amongst these amino acids. 

The crystalline protein from the juice of Antiaris toxicaria examined 
by Kotake and Knoop [1911] is a remarkable protein—probably a 
complex polypeptide—with 10°6 per cent. of cystine. Further data 
will no doubt decide the nature of this protein. Only asmall quantity 
of material has been so far available. 


Derivatives of Proteins. 


Complete analyses of the proteoses— products intermediate between 
the proteins and amino acids—have been undertaken by Levene, and 
by Levene in conjunction with Van Slyke and Birchard, and by Skraup 
and his pupils. 

In the case of the gelatoses and gelatin peptone, Levene [1902-3, 
1904] found that the gelatoses contained 17-20 per cent. of glycine 
and gelatin peptone 17:4 per cent. as compared with 16°5 per cent. in 
gelatin itself. Skraup and Hummelberger [1908] gave the composition 
of gelatoses precipitated by half, two-thirds and complete saturation 
with ammonium sulphate and of gelatin peptone as follows :— 


Gelatoses by Gelatoses : 
half and two- by Complete SINE 
thirds Saturation. Saturation. P ; 
Glutamic acid ‘ ; 2°75 25S I5 a 20°38 16 
Glycine. : : : IO2eos 67 "10's 7°, Wea eL. 
Histidine : : . k : oy 0;3 
Arginine ; } 5°8 54 63. 4°0 
Lysine . : : ; 1°38 2°3 3°3/r'S 


The gelatoses contain more glycine than gelatin which contains 
96 per cent., but the peptone less. Levene found that amino acids 
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were separated off in the production of peptone which accounts for the 
different figures for gelatin peptone. 

The qualitative differences observed by the older workers, Kiihne, 
Chittenden, Neumeister, and the analytical differences in the case of 
Witte’s peptone observed by Pick have not been found. The 
generally accepted view that heteroalbumose contains more hexone 
bases than protoalbumose is not confirmed. We may note that 
heteroalbumose contains more glutamic acid than protoalbumose, and 
that it contains I per cent. more histidine. 

Skraup and his pupils have made numerous analyses of various 
intermediate products. Skraup and Krause [1910, 1, 2] analysed the 
derivatives of caseinogen. Proteose I. contained more glutamic acid 
and more tyrosine than caseinogen ; proteose II. contained less glutamic 
acid but more tyrosine, and the peptone contained more glutamic acid 
and no tyrosine. 

Skraup with Zwerger [1905] and with Witt [1906] examined the 
substances termed kyrins by Siegfried and came to the conclusion that 
they are mixtures. They found that gelatin-kyrin contained 50 per 
cent. of di-amino acids and casein-kyrin 80 per cent., the former being 
composed of 1 molecule of arginine, 1 molecule of histidine, 1 mole- 
cule of glutamic acid and 2 molecules of glycine, the latter of 1 mole- 
cule of arginine, 2 molecules of lysine and 1 molecule of glutamic 
acid. 

Skraup with Lampel [1909], with Hummelberger [1909], and with 
Wober [1909] gave the following data for the protein and for those pro- 
ducts formed by the action of alkali, which were first prepared by 
Paal :— 
| 


Other 


aes Ae 5 < , Phenyl- | Glutami : 
Histidine. | Arginine. Lysine. | Tyrosine. | Proline. eee Aes ane 
Serum globulin ia 3°7 4°3 32 3°0 3°6 4°4 18°5 
Protalbic acid . I°5 O 3°9 4°4 3°2 I'o — 20°4 
Lysalbic acid . 59 Oo 4°4 2°5 2°9 | I‘9 25°2 
Peptone . : I'°5 fo) 4°4 I: 23 1°8 fo) 13°5 
Ovalbumin I'5 2°9 3°9 2°4 I°5 5°8 B22 79 
Protalbic acid . 23 0°4 a3 3°4 2°0 12°0 1'°8 14°7 
Lysalbic acid . 0°3 0°2 5°3 2°6 I'o 5°2 ‘oO 70 
Peptone . . 0°6 0°3 4°0 Er 0°3 2°4 16 3°2 
i i | Ti | see ee | Gi Sa | eaves 
Edestin= 0. 22 14°2 19 ar 07 2°4 6°3 LICy 
Substance A, 22 5°6 0°8 1°4 17 0°2 1°5 9°4 
Substance B . 3°6 13°0 0'9 2°1 0°7 0°4 10°9 8°5 
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Even the elementary analyses of the substances differed according 
to Gupta [1909] :— 


C HG N SS) 
Ovalbumin . : : eu 52 Taal fee lets I°5 
Protalbic acid. : oeSSi4 ey 2 14°3 2°4 
Lysalbic acid. : ; . § 52°O4N 7Oryleratg 1A) 
Peptone : ; : le oy 6°6 I0°3 II’Q 


The analysis of plastein also does not answer the much discussed 
question whether it represents a synthetical product or a further pro- 
duct of digestion. The figures so nearly resemble those for Witte’s 
peptone that one would be inclined to the view that plastein is still a 
mixture, which is precipitated under the conditions of the experiment. 

‘In general, the analyses of the proteoses show that they contain all 
the amino acids originally present in the protein ; if a splitting of the 
large molecule had occurred in such a way that four or five amino 
acids only were present in each product, the synthetical problem would 
be easier; we have still no substantial clue as to the order in which 
the units are combined in the molecule (see Part II1.). 

Dennstedt and Hassler [1906] believe that in the formation of 
proteoses the process of oxidation occurs at the same time as 
hydrolysis. 
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ANALYSIS OF PROTEINS BY THE DISTRIBUTION OF 
THE VARIOUS KINDS OF NITROGEN. 


Since a complete analysis of a protein is still an impossibility, 
owing to the unsatisfactory methods for isolating and estimating the 
several mono-amino acids, the proteins cannot yet be differentiated by 
means of their chemical composition, 

It has been proved by Osborne, Leavenworth and Brautlecht [1908] 
that the methods for estimating the ammonia content and the di-amino 
acid (the three hexone bases) content of a protein are almost perfect. 
We can therefore differentiate proteins by their content in these four 
products. 

A further differentiation of the units composing the protein mole- 
cule into those containing amino groups and those containing nitrogen 
in heterocyclic combination was made by Van Slyke [1g10, 191 righ 

This subdivision is possible, since nitrous acid reacts only with 
amino groups with liberation of nitrogen :-— 

CHy. NH, CH,OH 


2 
| +HNO,= | + N, + H,O 
COOH | COOH 


the amount of nitrogen evolved being double that contained in the 
amino acid. 
We can ascertain the following particulars :— 


I. Amide nitrogen (ammonia). 


Di-amino nitrogen (a cystine \ contain only amino N. Sulphur content givescystine. Lysine by 
b lysine difference 


and 


II. 
Neseaz nitrogen |c arginine arginine contains 3 of its N 


amino N as NH, by boiling 
dhistidine histidine ,, 2ofits N 


form. with alkali. Histidine 
by difference. 


{a non- Arginine evolves half its 


Mono-amino nitrogen (glycine, phenylalanine, aspartic acid, tryptophan (4) 
alanine, tyrosine, glutamic acid. 
Ill. a valine, 
leucine, 
isoleucine. 
Non-amino nitrogen , proline 
{exyerotin 


tryptophan (4) 
z.é., seven data out of the possible eighteen, 

An eighth value is obtainable by determining the mono-aminodi- 
carboxylic acid content as was shown by Andersen and Roed-Miiller 
[1915]. This determination depends upon the fact that in a mixture 
of mono-amino acids, the mono-aminomonocarboxylic acids have a 
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neutral reaction whereas the monoaminodicarboxylic acids have an 
acid reaction ; by neutralising the solution the dicarboxylic acids react 
with 1 molecule of sodium hydroxide and on incineration leave an 
equivalent quantity of sodium carbonate, which can be titrated (see 
pp. 104-106). Only a few determinations have so far been made by 
Andersen and Roed-Miiller, but they agree with the figure calculated 
from the amounts of aspartic and glutamic acids isolated from the 
products of hydrolysis :— 


Per cent. of Total Calculated from data by 
Nitrogen. 
Gliadin ; ; ; 24°3 24°O Osborne and Guest 
Leinyy. 2 : : I7°9 16°6 Osborne and Liddle 
Caseinogen . ‘ : Fey) 10"4 Osborne and Guest 


In the case of caseinogen the value is distinctly higher, but it may 
represent the amount of dicarboxylic acid in this protein more closely 
than the calculated figure, more especially as in this case the complete 
isolation of glutamic acid is more difficult than in vegetable proteins. 

If we regard the data for tyrosine as almost accurate, we have still 
one more value of service for the chemical differentiation of the pro- 
teins. It is unfortunate that we cannot yet measure the tryptophan 
content of a protein, especially as this unit is so readily detected by 
means of its colour reactions. 
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A. DISTRIBUTION OF THE NITROGEN IN THREE 
GROUPS. 


The differentiation of proteins by the estimation of the various 
groups of the units was first attempted in Hofmeister’s laboratory by 
Hausmann [1899, 1900], who estimated amide nitrogen, di-amino 
nitrogen and mono-amino nitrogen. The protein (1 gram) was 
hydrolysed with 20 c.c. of concentrated hydrochloric acid by boiling 
for five hours under a reflux condenser ; the solution was diluted and 
distilled with excess of magnesia, and the ammonia, which was 
liberated, was collected in excess of standard acid; the solution was 
then acidified with acid and precipitated with phosphotungstic acid ; 
after twenty-four hours the precipitate was filtered off, washed with 
phosphotungstic acid, dissolved in alkali and the nitrogen estimated 
in an aliquot portion by Kjeldahl’s method; the filtrate was made 
up to a definite volume and nitrogen estimated in an aliquot portion. 

Numerous objections to the accuracy of the data were raised. 
Henderson [1899] maintained that the amount of amide nitrogen varied 
according to the strength of the acid employed in the hydrolysis and 
the time of hydrolysis; Kutscher [1900], and also Chittenden and 
Eustis [1900], showed that the precipitation of the di-amino acids was 
not complete, and Schulze and Winterstein [1901, 2] found that certain 
mono-amino acids, eg., phenylalanine, were precipitated by phospho- 
tungstic acid under certain conditions. Hart [1901] preferred barium 
carbonate to magnesia for distilling off the ammonia. 

Osborne and Harris [1903], Giimbel [1904], and also Rothera 
[1904], critically examined the various objections. The amount of 
amide nitrogen was not found to vary as Henderson stated ; if similar 
conditions are always maintained in the precipitation with phospho- 
tungstic acid most valuable comparative results can be obtained; the 
errors of incomplete precipitation of the di-amino acids and precipita- 
tion of mono-amino acids almost compensate each other. 

Adopting Giimbel’s suggestion of distilling off the ammonia zz 
vacuo at 40° and Osborne and Harris’ procedure, the process may be 
carried out as follows :— 

1. About 1 gram of protein is boiled with about 100 c.c. of 20 
per cent. hydrochloric acid in a 500 c.c. round bottom flask under a 
reflux condenser until the solution no longer gives the biuret reaction, 
usually from seven to ten hours. It is then evaporated 7 vacuo at 
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40° to a volume of 2-3 cc.; the greater portion of the hydrochloric 
acid is thus removed. 

2. About 300 c.c. of water is then placed in the flask and a cream 
of magnesia, which has been freed from every trace of ammonia by 
long boiling, is added until in slight, but distinct, excess. The mix- 
ture is distilled 2 vacuo at 40° and the distillate collected in excess of 
standard acid; about half the liquid should be distilled. Titration of 
the standard acid gives the amount of amide nitrogen. 

3. The remainder of the solution is filtered through a nitrogen-free 
paper and the residue, thus collected, washed thoroughly with water. 
The nitrogen in this precipitate is estimated by Kjeldahl’s method 
and is the “ humin” nitrogen. 

4. The filtered solution is concentrated to 100 c.c. and cooled to 
20°; 5 grams of sulphuric acid and then 30 c.c. of a solution con- 
taining 20 grams of phosphotungstic acid and 5 grams of sulphuric 
acid per 100 c.c. are added. 

5. The precipitate is filtered off after twenty-four hours and washed 
with a solution containing 2°5 grams of phosphotungstic acid and 5 
grams of sulphuric acid per 100 c.c. The washing is effected by rins- 
ing the precipitate from the filter into a beaker and returning to the 
paper three successive times, each portion of the wash solution being 
allowed to run out completely before the next is applied. About 200 
c.c. of washings are generally obtained. 

6. The precipitate is transferred to a 600 c.c. Jena glass flask and 
the nitrogen estimated in it by Kjeldahl’s method, digesting it with 
35 c.c, of concentrated sulphuric acid for seven or eight hours. Potas- 
sium permanganate crystals may be added three or four times. Ifthe 
phosphotungstic acid precipitate be small, less sulphuric acid may be 
used, but sufficient must be taken to prevent bumping. 

7. The remaining nitrogen, belonging to the mono-amino acids, 
is found by subtracting the sum of the nitrogen found in the preced- 
ing operations from the total nitrogen contained in the protein. 

The data given in the table on page 131 show that there are con- 
siderable differences in the amounts of the various kinds of nitrogen 
in proteins, 
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B. DISTRIBUTION OF THE NITROGEN IN SEVEN 
GROUPS. 


I. Estimation of Amino Nitrogen. 


The action of nitrous acid upon amino acids and amides as a method for estimating 
these compounds was introduced by Sachsse and Kormann [1875]. These investigators 
employed an apparatus consisting of a small cylinder, furnished with a rubber stopper, 
through which two tap funnels and an exit tube for the evolved gas passed. Potassium 
nitrite was placed in the cylinder, dilute sulphuric acid in one of the tap funnels, and the 
solution of the substance (0°6-1-0 gram) in the other. The exit tube was placed under an 
eudiometer filled with ferrous sulphate solution to absorb the nitric oxide. Air was expelled 
from the apparatus by the decomposition of some of the nitrite with the acid. As soon as 
the expulsion was complete, the amide solution and more acid solution were allowed to 
enter into the cylinder and the gas collected. The ferrous sulphate solution freed the 
mixture from nitric oxide and more was added, if necessary. Carbon dioxide was then re- 
moved with potash and the remaining gas was measured. 

This method was exhaustively tested in the Guinness Research laboratory by Horace 
Brown and J. H. Millar [1903]. They found that there were several serious sources of error 
in the original method before they could apply it to their own subject of investigation. 
These were due (r) to residual air contained in the apparatus, or in the liquids; (2) to the 
difficulty of absorbing the excess of nitric oxide with ferrous sulphate. Carbon dioxide 
was used to remove the air and the evolved nitrogen, and difficulty was experienced in ob- 
taining a steady and constant stream of this gas. Pure carbon dioxide was prepared by 
the action of 30 per cent. sulphuric acid on normal sodium carbonate solution. A constant 
evolution of gas was not obtained, when the two solutions were allowed to drop separately 
into a Mask, owing to the supersaturation of the liquid with the gas. A steady stream of 
carbon dioxide was obtained by allowing the liquids to mix ina piece of wide glass tubing, 
which was drawn out at its lower extremity so that only a small aperture remained and 
closed at its upper end by a small cork through which tubes connected with reservoirs of 
acid and carbonate passed; two small apertures in its sides allowed for the escape of the 
gas. This wide tube was placed in the vessel used for the generation of the carbon dioxide. 
The mixture of acid and carbonate solutions accumulated to a height of about 3 cm. in the 
tube, and then dropped into the flask, which could be emptied by an attached syphon tube. 
The carbon dioxide entered the apparatus through a special trap. Air contained in the 
apparatus was removed by a stream of carbon dioxide and steam, which was made to enter 
through this trap. All the solutions used were made with air-free water, charged with 
carbon dioxide ; the same water was used for washing purposes. 

The carbon dioxide was removed by the potash solution contained in a Lunge nitro- 
meter, with which the exit tube of the apparatus was connected. The excess of nitric oxide 
was removed by means of oxygen, prepared by the electrolytic decomposition of water, and 
passed into the nitrometer, and the excess of oxygen by passing the gas in the nitrometer 
into a double Hempel pipette containing pyrogallol dissolved in 60 per cent. potash solution. 

Allowing one to two hours for the reaction of the nitrous acid upon the amino acids, 
satisfactory results were obtained with glycine, alanine, phenylalanine, leucine, aspartic 
acid, glutamic acid and asparagine. The results with tyrosine were not satisfactory, but 
they found that it reacted quantitatively after bromination. 


The estimation of-the amino nitrogen was originally performed by 
Van Slyke [1910, 1, 2; 1911, I, 2, 4 ] in an apparatus very similar to 
that used by Sachsse and Kormann and by Horace Brown and Millar. 
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The whole apparatus was filled with nitric oxide, and this gas was used 
for washing the evolved nitrogen into the eudiometer; the excess 
of nitric oxide was then removed with permanganate contained in a 
Hempel pipette. 


Pipette 


Fic. 2. 
From J. Biol. Chem., rgr2, 12, 278. 


A modified form of apparatus was devised by Klein [1911] and 
this form of apparatus, greatly improved, was adopted by Van Slyke 
[1912, 1]. It has entirely displaced the older form of apparatus, and 
is shown in figs. 2 and 3, the latter figure showing all the parts of the 
apparatus assembled for use upon a fixed stand. ‘The parts are more 
frequently assembled on a stand which is movable. 

The apparatus consists of the deaminising bulb D of 40-45 c.c. 
capacity for the interaction of the nitrous acid and the solution of the 
amino substance. It has a mark at 20 c.c. Connected with this 
vessel, are 
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A, a vessel of 35 c.c. capacity with a mark at 7 c.c. and tap a for 
introducing solution into D, or receiving solution from D. 
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Fig. 3. 
From Plimmer’s Practical Organic and Biochemistry. 
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B, a 10 cc. burette for containing the solution of the amino 
substance. 
A tap d, for emptying the deaminising vessel D. 


92 THE CHEMICAL CONSTITUTION OF THE PROTEINS 


There is above D a small bulb which keeps the reacting solution 
from splashing into the capillary. 

The deaminising bulb D is connected through a three-way tap c 
with the gas burette F, which is of 150 c.c. capacity ; its upper and 
narrower portion holding 40 c.c. is graduated in tenths ; its lower and 
wider portion in 10 c.c. divisions. This large burette will hold all 
the gas which is liberated whilst the apparatus is being used. The 
gas, which is to be finally measured, should only fill a portion of the 
narrow accurately graduated part. It is filled with water. The gas 
burette is connected with the Hempel pipette of special shape, 
which contains an alkaline solution of potassium permanganate. 
Though the nitric oxide reduces the permanganate, the manganese 
dioxide formed is in such a fine state of division that it does not in- 
terfere with the manipulation. Several determinations can be made 
with the same solution. Deposition of manganese dioxide in the 
capillary tube is prevented by allowing water from the gas burette, in- 
stead of permanganate, to remain in this tube. Any carbon dioxide 
evolved is absorbed by the alkali. 

The glass connecting tubes are strong walled and of 3 mm. 
internal diameter ; the bore of tap a is also of 3 mm. and tap d@ should 
have the same wide bore. The connection between D and B should 
be at least 8 mm. inner diameter, so as to allow free circulation. 

The nitric oxide is obtained from an excess of sodium nitrite solu- 
tion which is decomposed by glacial acetic acid; less nitric oxide is 
evolved by its use than by the use of mineral acid. The amino sub- 
stance may be dissolved in semi-normal acid, 50 per cent. acetic acid, 
or normal alkali. 

Only a small correction for the reagents is necessary ; commercial 
nitrite gave O'2 c.c. of nitrogen for five minutes’ reaction, 0°3 c.c. for 
thirty minutes, and 0'5 c.c. for two hours. 

The estimation is performed in the following way :— 

(1) Displacement of the Air in the Apparatus.—The gas burette 
F is filled with water as far as the tap c, the air being allowed to 
escape through c. One bulb of the Hempel pipette is filled with 
alkaline permanganate solution! through a small funnel, the tap / 
being arranged so that the air is displaced into the burette. The 
permanganate should just reach the tap, which is then closed in 
this direction and opened towards the tap c. The air in the burette is 
driven out through ¢ so that water again fills the burette as far as 


150 gram KMnO, + 25 gram KOH per rooo0 c.c. 
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the tap c, which is turned so as to shut off this part of the apparatus 
and to be in connection with D and the exit tube. 

7 c.c. of glacial acetic acid are put into Aand run into D; 30 c.c. of 
the sodium nitrite solution! are placed in A and also run into D. 
Sufficient should be used so that excess stands in A above the tap. 

The remaining air in the apparatus and that dissolved in the nitrous 
acid solution is removed by closing ¢ by a quarter turn, leaving @ open 
and shaking D. Rapid evolution of nitric oxide occurs which gathers 
in D and forces 10-15 c.c. of solution back into A. The cock cis now 
again opened and the nitric oxide, together with the air swept out of 
the solution, is forced out of D by liquid from A throughe« This 
process is repeated twice to ensure removal of all the air. 

By closing c and shaking D a gas space of about 20 cc. is now 
made to make room for the amino solution from B. 

Tap ais closed and tap cis opened to connect Dand F. These 
manipulations require about two minutes, 

(2) Decomposition of the Amino Substance.—i0 c.c. or less of the 
solution to be analysed is put into the graduated tube B; any 
excess can be run off. The desired volume is run into’. D. The 
burette B need not be graduated and the desired volume can be in- 
troduced with a pipette into B, run into D, and B washed with a 
little water, which is also run into D. The evolution of nitrogen 
commences immediately, and D is thoroughly shaken for three to five 
minutes to complete the evolution of the gas. Only in a few cases is 
longer shaking necessary. 

The evolved gas passes into the burette F; the residual gas in the 
bulb is driven into F by opening the tap @ and letting liquid run from 
A into D as far as the tap c. 

(3) Absorption of Nitric Oxide and Measurement of the Nitrogen.— 
The tap of the burette F is turned to connect it with the Hempel 
pipette and the gas is driven from F into the Hempel pipette by raising 
the levelling bulb. By shaking the gases with the permanganate the 
nitric oxide is absorbed. The residual nitrogen is run back into F, 
the permanganate filling the tubing as far as the tap # The volume 
of gas in F is then measured by bringing the surface of the liquid in 
the bulb even with the meniscus. Generally, one shaking with the 
fresh permanganate suffices to remove all the nitric oxide, but it is ad- 
visable to test if the absorption is complete by returning the gas to the 
Hempel pipette and again measuring. The weight of nitrogen corre- 


130 grams per I00 C.c. 
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sponding to the volume of gas is calculated in the usual way ; the 
results are divided by 2 (see equation, p. 85). The weight may be 
taken from the table compiled by Van Slyke and reproduced on p. 136. 

Each milligram of amino substance gives off from 17 AIR PC POE 
nitrogen. 

A correction should be made for the air—o-2 c.c.—dissolved in 10 
c.c, amino solution, ze., allowing for the oxygen which combines with 
the nitric oxide forming peroxide and is absorbed by the permangan- 
ate, 0°16 c.c. must be deducted from the volume of gas, This correc- 
tion is equivalent to 0-09 mgm. of amino nitrogen. No correction 
is necessary, if air-free water be used in preparing the amino solution. 

If proteins or other solutions which may froth are to be analysed, 
a few drops of capryl alcohol are first introduced into D through B, and 
capryl alcohol can be added subsequently from B.} 

Except lysine, the natural amino acids all react quantitatively in 
five minutes: half an hour is required for this substance. Ammonia 
and methylamine require one and a half to two hours, purines and 
pyrimidines two to five hours, and urea eight hours. With these sub- 
stances the apparatus is allowed to stand for the required time and 
then shaken for two minutes. 

T’he completeness of the reaction may be tested by repeating the 
process and ascertaining if more gas is evolved. 

Glycine and cystine evolve a larger volume of gas than the theoret- 
ical; the factor ‘926 may be used in estimating cystine; 3 per cent. 
of the total volume of gas must be deducted for glycine. 


Micro Apparatus 7. 


Van Slyke [1913, 1] described a smaller form of apparatus for use 
in the analysis of amino acids in blood, tissues, etc., in which only 
minute quantities are present. It may be advantageously used in 
these estimations instead of the larger form of apparatus. Its dimen- 
sions are :— 

(1) The gas burette: 10 c.c,, the upper part of 2 mm. diameter 
measuring 2 c.c. and graduated in @, c.c., the lower part wider and 
graduated in 4, cc. 

A gas burette holding a total volume of 20 or 30 cc. is better as 
frequently more than 10 c.c. of nitric oxide are evolved. 

This burette or its upper part should be enclosed ina water jacket, 


‘In later forms of apparatus another tube is sealed to D for introducing the capryl 
alcohol. 
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since temperature variations of the atmosphere affect the small 
volumes of gas which have to be measured. 

(2) The deaminising bulb: 11-12 cc. 

(3))) Phe: barette: 2-<-c. 

The quantities of reagents required are 10 c.c. of sodium nitrite 
solution and 2°5 c.c. of glacial acetic acid for which the correction for 
impurities amounts to ‘06-12 c.c. It is not necessary to have a 
smaller Hempel pipette ; with the micro apparatus the permanganate 
lasts for a considerable time. 

The solution to be analysed may be introduced into the burette 
with a pipette and the burette is washed with six or seven drops of 
water. 

The error in the estimation need not exceed ‘005 mgm. when 

2 ce, or less gas is measured; with more gas ‘ol mgm. One- 
fifth of the amount of solution required for the macro apparatus is used 
in the micro apparatus. Not only is there an advantage economically 
with reagents, but also the apparatus is less fragile. 
-o'5 mgm. of amino acid can be analysed with an accuracy of 
I per cent. The analysis is slightly more 
rapid : at 15-20- four minutes’ shaking suffice, 
at 20-25° three minutes, above 25° two to 
two and a half minutes. 

It is essential that the burettes be ac- 
curate and the stopcocks be tight. The 
burettes are tested by weighing the water 
they deliver; the stopcocks by submitting 
them to a pressure of a column of water one 
metre high. 

The apparatus is cleaned with a mixture 
of potassium bichromate and sulphuric acid. 


Micro Apparatus 71. 


Ca OTe pags 


The size of apparatus can be reduced 
to one-half of the above, if the form of the 
gas burette be modified [Van Slyke, 1915, 
2) this is shown in fig.’4. The-zero- Fig. 4. 
point, instead of being placed at the bottom ‘ter J. Biol. Chem., rgr5, 23, 
of the stopcock, is located on a capillary ae 
which extends for a few millimetres below the tap. It permits 
marking off the upper boundary of the gas volume with an error of 
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less than ‘ooI c.c. The burette is of 3 cc. capacity, and is graduated 
into O'I c.c. divisions about I mm. apart, so that by estimating tenths 
of a division gas volumes can be read to ‘001 c.c. The burette must 
be carefully calibrated. 1 c.c. of amino solution is required for 
analysis, 

The removal of air from the apparatus is more easily effected as 
follows :— 

The apparatus is shaken once until sufficient nitric oxide is formed 
to force the liquid in the chamber down to the mark at which the re- 
agent stands for introducing the amino solution, The tap a is closed 
and tap cis turned so that the gases can escape at c. The vessel is 
then shaken rapidly for two minutes with the motor. The air is more 
completely removed by this procedure than by the other procedure. 
The deaminising bulb is then connected through c¢ with the gas 
burette. 

Soft heavy-walled rubber tubing must be used for the connections. 
“Stethoscope” tubing with a wall 3 or 4 mm. thick is very suitable. 
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IT. Estimation of the Different Groups of Amino Acids. 


The estimation of the several groups of amino acids present in a 
protein is effected by the following series of operations :— 

1. /ydrolysts.—3 grams of protein, or better 6 grams for duplicate 
analyses, are dissolved in 10 or 20 parts of 20 per cent. hydrochloric 
acid and boiled in a tared flask under a reflux condenser. 

After six or eight hours the hydrolysis is stopped. Portions of 
I c.c. or 2 c.c. (enough to contain o'1 gram of protein) are withdrawn 
with a pipette and diluted to to c.c. In these portions the amount of 
amino nitrogen is determined, the reaction being allowed to proceed 
for five minutes standing and then for one minute with shaking. 
Under these conditions the same proportion of ammonia (15-20 per 
cent.) is decomposed in each determination. 

The hydrolysis flask is weighed and the hydrolysis continued for 
another period of six or eight hours, when amino nitrogen is eam 
determined. 

Hydrolysis is continued until the amino nitrogen is constant. 

The object of weighing is to ascertain if the solution has become 
concentrated by loss of vapour and to allow of a correction for a de 
crease of the volume. 

2. Estimation of Total Nitrogen.—The products of hydrolysis are 
transferred to a measuring flask of 100 cc. or 250 ce. capacity. 
Total nitrogen is estimated by Kjeldahl’s method in an aliquot portion 
containing 02 gram of protein. All the subsequent estimations are 
based upon this value. 

3. Amide Nitrogen.—Since cystine is very easily decomposed by 
boiling with magnesia at 100° the determination of ammonia must be 
carried out 7 vacuo at 40°, or at room temperature by the aeration 
method of Denis.+_ The method of distilling 2 vacuo is to be preferred 
as the same apparatus is repeatedly employed in the other estimations. 

The distillation zz vacuo is performed in the apparatus shown in 
fig. 5 (p. 98), or in some arrangement by which the ammonia vapour 
passes into the standard acid. 

The Claisen flask and receiver are of 1 litre capacity, the guard 
flask of 200 c.c. 

The hydrolysed solution is placed in the double-necked flask and 


1%. Biol. Chem., 8, 427. 
Pe J. 7 
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diluted to 200 c.c.; 100 c.c. of alcohol are added to prevent frothing 
and then an excess of a 10 per cent. suspension of calcium hydrate, 
as shown by the turbidity and alkaline reaction of the solution. Air 
may be introduced through the stop-cock, if distillation starts too 
rapidly ; the stop-cock serves to release the vacuum when the distilla- 
tion is finished. The decinormal acid in both flasks is mixed and 
titrated with decinormal soda using alizarin sulphonate as indicator, 
which may be added previous to the distillation. 

4. Humin Nitrogen.—The black colouring matter is absorbed by 
the lime, which is filtered off on a folded filter paper and washed with 
water until the washings are free from chlorides. The precipitate 


Jo-bacc. Vio H250¢ 


2oce Vos 50g 


Fic. 5. 
From Biol. Chem., 1911, 10, 21. 
and paper are then submitted to Kjeldahl analysis, using 35 cc. of 
sulphuric acid. 

3. Precipitation and Washing of the Phosphotungstate Precipitate— 
The filtrate from the humin nitrogen is neutralised with hydrochloric 
acid, returned to the vacuum distillation apparatus, and concentrated 
LOraDOUCMOOsC,C. 

It is then washed into a 250 c.c. conical flask, and 18 c.c. of con- 
centrated hydrochloric acid and 15 grams of phosphotungstic acid* in 
aqueous solution are added. 

The entire solution is diluted to 200 c.c. with water and heated in 
a water-bath, until the precipitate has nearly, or quite, redissolved. 
On cooling, the phosphotungstates separate in a crystalline form. 

1 This should be purified by Winterstein’s method by shaking its acid solution with 


ether; from the ethereal layer containing the substance the acid is recovered by recrystal- 
lisation, 
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After standing for at least forty-eight hours they are filtered off 
and washed in the following manner :— 

A 3-inch Buchner funnel is covered with a hardened filter paper of 
such a size that it fits against the bottom and side walls; the portion 
of the paper against the side walls is folded into about twenty plaits 
so that it fits snugly all round. 

The precipitate is poured into this pocket and the mother liquor 
removed by suction and by pressing down the precipitate with a 
flattened rod. 

The filtrate is returned to a beaker. 

Washing is effected with 10-12 c.c. of a solution containing 2°5 
grams of phosphotungstic acid and 3°5 grams of hydrochloric acid per 
100 c.c.; this is first used to dislodge the particles remaining in the 
flask ; it is then poured upon the precipitate which is stirred up until 
all lumps are broken and until there is only a granular suspension. 
It is then sucked dry as before. The washing is repeated three to 
four times in this manner. Then the precipitate on the filter is 
washed five to ten times with the same solution from a wash bottle, 
commencing round the edges and sucking dry each time. 

It frequently happens that the later washings run through some- 
what turbid; these are filtered through a folded paper. All washings 
are combined with the main filtrate. The washing must be continued 
till the liquid is free from calcium; I cc. of the filtrate when tested 
with oxalic acid in 3 per cent. sodium hydrate must give no turbidity 
even after standing for several minutes. 

The filtration and washing may be effected equally well on a 
2-inch Buchner funnel with a hardened filter paper pressed over the 
perforations in the usual manner, as was shown by Hartley [1914] and 
by Van Slyke [1915, 1]. A steady and moderately strong suction is 
continued without interruption during the filtration and washing. 
The 10-15 c.c. of washing solution! are poured upon the precipitate, 
which is stirred up with each portion. The washing is completed as 
soon as a few drops of the liquid on being allowed to flow upon a 
10 per cent. solution of sodium hydrate containing sodium oxalate 
and on gently shaking to bring the liquids in contact show no cloudi- 
ness even after standing for several minutes. 

If there be any doubt as to the purity of the phosphotungstates 
they may be recrystallised by suspending in water and dissolving by 
adding sodium hydrate. The solution is acidified, heated, and the 


! This should be cooled to 0°. 
G] * 
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bases thrown down by adding 15 c.c. of concentrated hydrochloric 
acid and 5 grams of phosphotungstic acid, the final volume being 
made up to 200 cc. as in the original precipitation. Filtration and 
washing is carried out as above. 

6. Treatment of the Phosphotungstate Precipitate.—The precipitate 
is removed with a spatula, as completely as possible, to a beaker of 
over I litre capacity. The filter paper is then spread out on the 
bottom of a basin and washed with water made just alkaline with a 
few drops of 20 per cent. sodium hydrate. The small folded paper 
is similarly treated. The particles of precipitate are dissolved by 
the soda, and any granules remaining in the original flask are dis- 
solved in the same way. The alkaline solutions and washings are 
poured into the beaker containing the main bulk of the precipitate. 
The whole is then carefully dissolved in soda by adding 50 per cent. 
alkali, drop by drop, with continual stirring. Phenolphthalein is 
added as indicator; as soon as the solution becomes red, addition of 
the alkali must be stopped; if the colour disappears, more alkali, but 
only to the excess of three or four drops, must be added. A red 
solution must finally result. 

The solution is diluted to 800 c.c. and the phosphotungstic acid is 
removed by slowly adding, in portions of a fewc.c., a 20 per cent. 
solution of barium chloride, until a test portion gives an immediate 
granular precipitate with neutral sodium sulphate solution. If the red 
colour disappears in the process two or three more drops of alkali are 
added. A large excess of barium chloride should be avoided. 

The barium phosphotungstate is filtered off using the same funnel, 
paper and precautions as before, except that larger portions of wash 
water may be used. The final washing must give no reaction for 
chlorides. 

The filtrate and washings are concentrated zz vacuo, until they are 
reduced in volume to 50 c.c. The barium phosphotungstate, which 
separates out, is filtered off, and the filtrate and washings received in 
a 200 c.c. double-necked distilling flask; the volume is then again 
reduced and made up to 50 c.c. in a measuring flask. 

Van Slyke [1915, 1] found that the following procedure was 
preferable to the original as described above :— 

The precipitate is removed from the filter by a spatula and by 
washing with water and transferred to a 500 c.c. separating funnel, 
using 200-300 c.c. of water. 5 or 10 c.c. of concentrated hydrochloric 
acid are added, and the mixture shaken with about 100 c.c, of a 
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mixture of equal parts of amy! alcohol and ether. Complete solution 
of the precipitate occurs after shaking for one or two minutes. Should 
an oil appear at the bottom more of the amyl alcohol-ether mixture is 
added until the whole of it floats upon the surface. 

If the layers do not separate readily with a clear boundary between 
them, due to humin not having been completely absorbed by the 
calcium hydrate previously and to its precipitation 
by phosphotungstic acid, the whole solution 
without separation of the layers is passed 
through a Buchner funnel with suction. The 
clear filtrate readily separates into two layers. 
The aqueous portion is extracted with three 
successive portions of amyl alcohol-ether using 
a volume of mixture equal to one quarter of the 
aqueous solution. The combined amy] alcohol- 
ether extracts are shaken once with water, and 
this portion of water, after being shaken once 
or twice with fresh amyl alcohol-ether, is added 
to the aqueous solution. This contains the bases 
and should be free from phosphotungstic acid 
as shown by testing a few drops with baryta 
solution; a precipitate should not be formed. 
The solution is evaporated to dryness zz vacuo 
to drive off the excess of hydrochloric acid and 
the residue dissolved and diluted to 50 c.c. 

This procedure is more rapid than the older 
and has the advantage that no barium is present, 
which may cause bumping in estimating the 
arginine. 

7. Estimation of Arginine. — Arginine is = 
stated by Van Slyke [1911, 4] to be quantita- Serene: Biol, 
tively decomposed by boiling with 50 per cent. Chem., 1911, 10, 26. 
alkali with the loss of half of its nitrogen. Its estimation is performed 
before that of the total nitrogen contained in the solution. 

25 cc. of the solution are placed in the 200 cc. flask of the 
apparatus shown in fig. 6. 

The Folin bulbs are connected to the flask either by a ground 
glass joint, or by a heavy piece of rubber tubing. These bulbs con- 
tain 15 c.c. of decinormal acid, coloured with alizarin sulphonate. 
12°5 grams of solid potash and a piece of porous porcelain are added 


Ce “ho 4 cid. 
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to the solution in the flask, and the solution is boiled gently for exactly 
six hours. Nearly all the evolved ammonia diffuses into the bulbs. 

The bulbs are disconnected and 100 c.c. of water are poured 
through the condenser into the flask. The flask is connected with the 
condenser of a Kjeldahl distilling apparatus, and the remainder of the 
ammonia driven off and collected in the acid from the bulbs, which has 
been transferred to a suitable receiver. Not more than 100 c.c. of the 
solution must be distilled over as the strong potash may destroy the 
other substances in the solution. 

The excess of acid in the receiver is titrated. Each c.c. of acid 
neutralised by the ammonia corresponds to 0'0028 gram arginine- 
nitrogen, or 0'0056 gram in the total solution. 

Plimmer [1916] showed that arginine was decomposed by boiling 
with 20 per cent. caustic soda for six hours.!. The estimation is carried 
out preferably by adding an equal volume of 40 per cent. caustic soda 
to the arginine solution and boiling for six hours. A larger volume 
of liquid is thus present in the flask and the lower concentration of the 
alkali minimises breakage of the glass flasks through the action of the 
alkali. Instead of disconnecting the bulbs and distilling as recom- 
mended by Van Slyke so as to collect the remainder of the ammonia, 
it is only necessary to run the water out of the condenser and continue 
boiling for another fifteen to twenty minutes so as to drive the am- 
monia into the bulbs. 20 c.c. instead of 25 c.c. of the solution may 
be used, 

Cystine is usually not present in sufficient amount in proteins to 
cause any considerable error in this determination, but if a keratin be 
under investigation a correction must be made; 18 per cent. of its 
nitrogen is evolved when it is boiled with alkali; the nitrogen figure 
of cystine is obtained later in the process. 

8. Lotal Nitrogen of the Hexone Bases and Cystine.—The solution 
remaining from the arginine determination is transferred to a Kjeldahl 
flask of 500 c.c.; 35 c.c. of sulphuric acid are added and 0°25 gram 
of copper sulphate. The nitrogen is then estimated in the usual way. 
This estimation can be performed in duplicate, if the solution be 
diluted to 100 or 200 c.c. and divided into two halves, each half being 
oxidised with 20 cc. of sulphuric acid. 

On account of persistent bumping from silica dissolved from the 
glass in the arginine estimation and consequent loss, Plimmer [1916] 


1 Histidine is decomposed to a slight extent by this treatment, but the error introduced 
is negligible. 
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prefers to estimate the total nitrogen in another portion, 5 c.c., of 
the solution. 

The sum of the number of c.c. of decinormal acid neutralised + 
the number of c.c, of decinormal acid previously neutralised in the 
arginine determination, multiplied by 0°0028, gives the total nitrogen 
content. 

9. Estimation of Cystine—Cystine is estimated by determining 
the total sulphur content by Denis’ modification [1910, 1] of Benedict’s 
method [1909-10]. 10 .c. of the solution of hexone bases + cystine 
from operation (6) are placed in a porcelain dish of 7-10 cm. diameter 
with 5 c.c. of a solution containing 25 grams copper nitrate, 25 grams 
sodium chloride, and 10 grams ammonium nitrate per loo cc. The 
mixture is evaporated to dryness on the water-bath and then gradually 
heated to redness, at which temperature it is maintained for ten 
minutes, The residue is dissolved in 10 c.c. of 10 per cent. hydro- 
chloric acid and diluted to1so0c.c. t0c.c. of a 5 per cent. solution 
of barium chloride are slowly added to the boiling solution and the 
‘barium sulphate is filtered off and washed in the usual way. A 
correction must be made for the amount of sulphate in the reagents 
which should not exceed 1°5 mgm. barium sulphate. i 

1 mgm. BaSO, corresponds to 0°06 mgm. cystine nitrogen in the 
10 c.c, analysed, ze. to 0-3 mgm. cystine nitrogen in the total solution 
of bases + cystine. 

10. Estimation of Amino Nitrogen.—10 c.c. of the solution are 
usually used for this estimation (p. 89); I c.c. or 2 cc. if the micro 
apparatus be used. The reaction may be allowed to proceed for half 
an hour at 20° or longer at a lower temperature without shaking, 
or for five minutes with vigorous shaking; similarly for the blank 
determination for the reagents. 

A correction must be made for cystine which gives 107 per cent. 
gas; as before it applies only to those proteins—keratins—which con- 
tain a large amount of cystine. 


Calculation of Htstidine Value. 


Total nitrogen of bases minus total amino nitrogen gives the total 
non-amino nitrogen, D. This is contained in the arginine and histi- 
dine. 

Since three-fourths of the arginine nitrogen and two-thirds of the 
histidine nitrogen are in this form, the total non-amino nitrogen minus 


104 THE CHEMICAL CONSTITUTION OF THE PROTEINS 


three-fourths of the arginine nitrogen (found previously) represents two- 
thirds of the histidine nitrogen. Hence 
Histidine N = 3(D - 8 Arg.) 
= I°5 D —- 17125 Age} 


I 


Calculation of Lysine Value. 


Knowing the other values, that of lysine is found by difference :— 
Lysine N = Total N - (Arg. N + Cyst. N + Hist. N). 

11. Determination of the Total Nitrogen of the Mono-amino Acids.— 
To the combined filtrate and washings from the phosphotungstate 
precipitate 50 per cent. caustic soda is carefully added, until the solu- 
tion becomes turbid by precipitation of lime and is just alkaline. 
Excess must be carefully avoided as the precipitate may then not 
completely dissolve in acetic acid, which is added to clear the solution 
when just alkaline. The acid solution is concentrated zm vacuo until 
salt commences to crystallise out. The solution is then washed into 
a 150 c.c. measuring flask and diluted up to the mark. 

Total nitrogen is estimated in 25 c.c. portions by Kjeldahl’s 
method, using 35 c.c. of sulphuric acid, 15 grams potassium sulphate 
and 0:25 grams of copper sulphate. The acid must be added care- 
fully on account of the evolution of hydrochloric acid. The digestion 
must be continued for three hours after the solution has become clear. 

12. Determination of the Amino Nitrogen of the Mono-amino Acids. 
—I0 c.c, portions of the solution are used for this purpose and the time 
for the reaction with nitrous acid is six to ten minutes. Smaller por- 
tions are used with the micro apparatus. 

The volume of nitrogen evolved by a given amount of amino 
nitrogen is 2°5 times the volume of decinormal acid neutralised, if the 
same amount is determined by the Kjeldahl method. Therefore, the 
portions of 25 c.c. and 10 c.c. used in these last estimations give 
results of similar accuracy. 

13. Determination of the Nitrogen in the M. ono-aminodicarborylic 
Acids.—In estimating the nitrogen of the mono-aminodicarboxylic 
acids, ammonia, di-amino acids, glucosamine and organic acids must 
be absent from the solution; further, calcium salts must not be 
present. 

Andersen and Roed-Miiller [1915] therefore adopt a procedure 
differing from that of Van Slyke :-— 

1TIn the original paper the formula 1°667 D - 1125 Arg. was given [Van Slyke, 
T1915, 3]. 
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5 grams of protein, containing approximately 800 mgm. of 
nitrogen, are heated with 20-25 parts of 3N hydrochloric acid on 
a water-bath until there is complete or nearly complete solution, 
and then in an autoclave at 150° for 1°5 hours which effects com- 
plete hydrolysis. 

The solution is concentrated on the water-bath as much as pos- 
sible, the residue dissolved in water, the solution filtered and made 
up to 250 cc. The nitrogen retained in the filter paper, usually a 
negligible quantity, is estimated. Total nitrogen of the solution is 
determined in 5 cc. and amide nitrogen in 20 cc. by distilling zz 
vacuo with ‘5N baryta dissolved in methyl alcohol (saturated baryta 
in methyl alcohol, if much ammonia be present). 

200 c.c. are treated with saturated sodium carbonate solution, until 
the reaction of the solution is alkaline to turmeric paper, and evapor- 
ated to dryness zz vacuo. The residue is dissolved in 100 cc. of 
water and its reaction tested: if not alkaline, more sodium carbonate 
is added and the evaporation repeated ; this must be continued until 
the reaction is alkaline. The residue is dissolved in 50 c.c. of water 
and neutralised with hydrochloric acid; 27 c.c. of concentrated hydro- 
chloric acid and 25 grams of phosphotungstic acid are added; the 
solution is diluted to 300 c.c. and heated on a water-bath until the 
phosphotungstates have dissolved. After standing for forty-eight 
hours, the crystalline phosphotungstates are filtered off by suction on 
a hardened filter paper in an ordinary funnel. This method of filtra- 
tion is preferred to that adopted by Van Slyke. The precipitate is 
washed ten times with 15-20 cc. of 2°5 per cent. phosphotungstic 
acid and 3°5 per cent. hydrochloric acid by stirring up with the wash 
solution and each time draining off completely. The precipitate is 
dissolved and the bases estimated as directed by Van Slyke. 

The precipitate of barium phosphotungstate is dried in the air, 
and the nitrogen contained in it estimated. This is humin-nitrogen I., 
which is thrown down at this stage. 

The filtrate is diluted to 1000 c.c., made distinctly red to phenol- 
phthalein with alkali and barium chloride added to remove phospho- 
tungstic acid; the solution is kept distinctly alkaline and not too 
small an excess of barium chloride is used. The barium phospho- 
tungstate is filtered off and washed till free from chlorides. The 
nitrogen in the precipitate is estimated and forms humin nitrogen II. 

The filtrate is neutralised, treated with an amount of hydrochloric 
acid equivalent to the total nitrogen, and evaporated zz vacuo until salt 


106.7 THE CHEHMIGATY CONSTITUTION ION TIER © fils 


crystallises out. 200 c.c. of alcohol are added, and after standing for 
one hour the salt is filtered off and washed with 80 per cent. alcohol. 
The salt is dissolved in water and the nitrogen estimated; usually 
very little nitrogen is contained in it, but if it be large in amount, the 
solution is acidified, evaporated, and treated with alcohol as described. 

The alcoholic solution is evaporated zz vacuo to dryness, dissolved 
in water and made up to 200 c.c. 

Totalynitrogen as determined ins Sec.cytandsé25 54 40) Ciuc 
according to the amount of nitrogen, are neutralised with sodium 
hydroxide, diluted to 50 c.c., and used for the determination of amino 
nitrogen. 

The mono-aminodicarboxylic acid nitrogen is determined by eractly 
neutralising 20 or 25 c.c. in a platinum basin to azolitmin paper * and 
evaporated to dryness, the concentrated solution being stirred with a 
platinum wire if salts crystallise out, and ashed over a spirit burner. 
The ash is dissolved in not too great an excess of 0'2N hydrochloric 
acid, washed irito a conical Jena-glass flask, boiled over a flame for 
five to ten minutes, cooled and titrated with 0:2N alkali with phenol- 
phthalein as indicator. The difference between the amounts of acid 
and alkali is equivalent to the carboxyl groups of the mono-amino- 
dicarboxylic acids and is expressed in terms of nitrogen by multiplying 
the meurerinic.c.aby 2:0) 

14. Corrections for the Solubilities of the Phosphotungstates.— 
Although the conditions of precipitation are not always the same, the 
variation is not sufficient to cause significant change in the solubilities 
of the phosphotungstates. When precipitated from a volume of 200 
c.c. the following corrections should be added, and the sum of the 
figures for amino nitrogen and non-amino nitrogen subtracted from 
the figures for the mono-amino acids :— 


1 Henriques and Sorensen (Zeitschr. physiol. Chem., 64, 133) describe the preparation of 
sensitive litmus paper as follows :— 

o°5 gram of powdered azolitmin is dissolved in 200 c.c. water + 22°5 c.c. ‘IN NaOH 
in abasin. 50 c.c. of alcohol are added after filtering. Strips of good, ash-less filter paper 
are drawn through the solution and dried by hanging on strings. The preparation takes 
about one hour. The paper must behave in the following way with Sdrensen’s phos- 
phate solutions :— 

To 3 sec + 7 prim (PH = 6, 47) slightly acid reaction. 

To 5 sec + 5 prim (PH = 6, 81) neutral reaction. 

To 7 sec + 3 prim (P# = 7:17) slightly alkaline reaction. 

The neutral point is chosen slightly more on the acid side (= 7°07) on account of 
ammonium salts and amino acids. 

If a litmus paper does not react in this way, the amount of :tN NaOH used in its 
preparation must be altered accordingly. 
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Total N. | Amino N.| Non-Amino N. 
Gram. Gram. Gram. 


Arginine N. : : . | 0°0032 | 0°0008 0°0024 
Histidine N. : ; . | ©0038 | o*00r3 0°0025 
Lysine N. . ; : . | O°0005 | 0°0005 0°0000 
Cystine N.. ‘ : . | 070026 | 0°0026 0*0000 

Sumy f : ; : 0°0052 00049 


This long method was rigidly tested by Van Slyke upon pure 
amino acids singly, and when mixed together, and upon typical 
proteins. The accuracy of the method was borne out by the figures 
under the column of total nitrogen (p. 132); usually, the nitrogen re- 
covered was within 1 per cent. In the duplicate analyses of proteins 
the maximum and average differences were :— 


Amide | Humin | Cystine | Arginine | Histidine | Lysine | Mono-amino Non-Amino | 
N. N. N. : N. N. N. N. 
| Maximum 
Difference 0°37 | 0°39 OTL #25 2°14 1°23 r°60 r°20 
between 0°93 0°60 
Duplicates. 
Average 
Difference Orne | 0°20 0°05 0°73 0°79 0°61 0°63 0°68 


The differences of 2°14 per cent. for the histidine (edestin) and 1°60 
per cent. for the mono-amino nitrogen (hair) were more than twice 
any other deviations from the figures in the series. The highest 
average difference was 0°79 per cent. for histidine and the lowest 0°05 
for cystine. 

The correspondence between the figures and the actual amounts 
of amino acid isolated from the protein is fairly good. The high pro- 
line content of gelatin was well known, but the non-amino nitrogen 
content of 15 per cent. of the total nitrogen of this protein is very 
striking. Further, the large amount of lysine in hemoglobin was un- 
expected ; hemoglobin has always been supposed to be composed 
chiefly of histidine. 

Van Slyke [1913, 2] published revised data for caseinogen. They 
differ considerably from his earlier data and may be partly accounted for 
by the use of the new apparatus for determining amino nitrogen. The 
data for gliadin by Osborne, Van Slyke, Leavenworth and Vinograd 
[1915] are in closer agreement with the older data of Van Slyke’s; the 
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histidine and lysine figures are higher. These data are found by dif- 
ference and depend upon the accuracy of the determination of arginine, 
of amino N and of total nitrogen. The figures for the di-amino acids 
are in general higher than the figures given by the Kossel and Patten 
method (p. 55). Thus in gram per 100 grams of protein :— 


Arginine. | Lysine. | Histidine. Method. 

Gliadin 2°70 0°I3 1°49 Kossel-Patten 
2°97 pee ys 2°19 Van Slyke 

Lactalbumin 2°OL 8°ro 1°53 Kossel-Patten 
3°47 9°89 2°61 Van Slyke 


Both methods give the same value for arginine, the value for lysine is 
higher and more accurate, while the value for histidine is more consistent 
by the Kossel-Patten method. These and other data are given on 
page 132. 

The method has been of service to Hartley [1914] in his study 
of the proteins of ox and horse serum. His results confirm the obser- 
vations of previous writers that the albumin and globulin of serum ex- 
hibit well-marked differences in composition. Albumin contains more 
di-amino nitrogen than globulin, which is in agreement with the data by 
Hausmann[1899], Giimbel [1904], and Gibson [1912]. Albumin also 
contains more nitrogen as cystine than globulin, a fact which agrees 
with the data of Bywaters and Tasker [1913-14] who found that albumin 
contained about 2 per cent. of sulphur and 0°25 per cent. of carbohy- 
drate, while globulin contained 1°2 per cent. of sulphur and 3:2 per 
cent. of carbohydrate. Globulin was also found to contain phosphorus 
while this element is absent from albumin. The chief difference found 
by Hartley was the presence of more lysine in albumin than in globu- 
lin. The chemical differences between these two proteins are against 
the supposition of Moll [1904, 1906] that albumin can be converted 
into globulin. There is so little difference between the globulins that 
the chemical composition supports Chick’s suggestion [1914] that 
under certain conditions pseudo-globulin may undergo a process of 
denaturation and that a substance is formed which is very similar to 
euglobulin. This substance may be a mechanical complex formed by 
the interaction and mutual precipitation of the two colloids, pseudo- 
globulin and lipoid. The euglobin of serum is a protein-lipoid com- 
plex. 

Crowther and Raistrick [1916] used the method for the analysis 
of the proteins of colostrum and milk and showed that the casein- 
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ogen, lactalbumin and lactoglobulin in these secretions were identical. 
They found that colostrum in the earliest stages of secretion was very 
rich in protein (18-20 per cent. of the total secretion), that it con- 
tained 4-5 per cent. of caseinogen, 0°7-1°5 per cent. of lactalbumin, 
and 6-12 per cent. of lactoglobulin. They separated the globulin into 
pseudo- and eu-globulin and found these to be identical. They con- 
sidered that euglobulin was a protein-lipoid complex as suggested by 
Chick (see above). Lactoglobulin gave analytical data so close to those 
given by serum-globulin [Hartley, 1914] that they were regarded as 
identical proteins. Lactalbumin differed greatly from serum albumin, 
The difference in chemical composition of the three proteins leaves no 
doubt that milk contains three distinct proteins. Their figures for 
caseinogen are very close to the figures determined by Van Slyke, only 
that for arginine being higher. The analysis of lactalbumin is similar 
to that by Osborne, Van Slyke, Leavenworth and Vinograd [1915]. 
The high lysine content of lactalbumin is the most noticeable differ- 
ence in the three proteins; caseinogen has the least amount of mono- 
amino nitrogen and the greatest amount of non-amino nitrogen. 

Drummond [1916] analysed a large number of normal human and 
chicken tissues for comparison with pathological human tissues with 
special reference to cancer. In general, the pathological tissues showed 
a higher content of the di-amino acids and they are attributed to the 
fact that these tissues all contain more nuclear material rather than to 
a specific difference of cancer tissue as believed by Kocher [1915], 
The hexone base content of the various organs of man and other 
animals in health and disease has been determined by Wakeman 
[1905, I, 2; 1908] by the Kossel-Patten method. No very marked 
differences were noticeable, but there was a slight lowering of the bases 
in the pathological conditions. In the human liver, the amount of 
arginine varied from 6:9 in the normal to 5°1 in the pathological, that 
of lysine from 6°6 to 4:9, and that of histidine from 2:‘0 to 1°7; these 
figures are in terms of the total nitrogen of the dry substance, which 
was IIo percent. in the normal and varied from 10°38 to 12°9 in 
the diseased organ. For purposes of comparison of proteins this 
method of nitrogen distribution is thus of extreme value. 

Analyses of various cattle food-stuffs have been made by Grindley, 
Joseph and Slater [1915], Grindley and Slater [1915], and by Nollau 
[1915]. The figures given by these workers are not always in agree- 
ment, but are accounted for by a slight difference in manipulation. 
Grindley and his co-workers hydrolysed the feeding-stuff and carried 
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out the estimations in the resulting solution, whilst Nollau filtered the 
hydrolysed solution. In practically all cases the humin nitrogen value 
was found to be very high and is due to the effect of the presence of 
carbohydrate (see p. 65). In spite of the errors introduced in the 
analyses by the presence of carbohydrate, the authors consider that the 
data are of extreme value for judging the food-value of the food-stuffs, 
in respect of the constituent amino acids. The data are given on page 
134. Marked differences are noticeable in the various food-stuffs, 

The influence of the presence of carbohydrate upon the results of 
the analysis by the Van Slyke method has been investigated in the 
case of caseinogen by Hart and Sure [1916] and of fibrin by Gortner 
[1916]. Osborne, Van Slyke, Leavenworth and Vinograd [191 5] 
hydrolysed lactalbumin under the same conditions. 

Fart and Sure found that variations of the different figures occur 
to a great extent and that they differ with the nature of the carbo- 
hydrate. The changes in the data are especially apparent in the 
amount of di-amino acids or hexone bases. Loss of nitrogen occurs in 
the mono-amino acids in the presence of starch and xylan. It is not 
possible to correct the data. They concluded that the Van Slyke 
method was not applicable to the determination of the distribution of 
nitrogen in food-stuffs, not even for comparative figures that could be 
ofany value. Such great variations were not observed by Osborne, Van 
Slyke, Leavenworth and Vinograd, nor by Gortner. These workers 
used a limited amount of carbohydrate, which never amounted to the 
large quantity present in the natural food-stuff in relation to the amount 
of protein. In all cases the most noticeable change in the data was 
in the humin nitrogen. Gortner agreed with Hart and Sure in the 
general conclusions and pointed out that this method of analysis of 
proteins was accurate only with pure proteins, a statement emphasised 
originally by Van Slyke. Considerations of this nature must also be 
applied to Drummond’s data with tissues which contain other natural 
substances as well as proteins. 


Conclusion. 


The analytical data show that our methods of determining the com- 
position of proteins are far from satisfactory. Some of the methods 
have been adapted too exclusively to the solution of one particular 
part of the whole protein ; co-ordination of methods should bring about 
a better knowledge. The introduction of any new method has always 
advanced the study of the chemistry of proteins, and the final solution 
will probably result from the employment of new methods. 
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0°5875 | 0°§890 | 0°§905 | 0°5925 | 0°§940 | 0°5955 | 0°5970 | 0°5985 | 06000 
0°§850 | 0°5865 | 0°5880} 0'5895 | 0°5910 | 05930 | 05945 | 05960] 0°5975 
0°5825 | 0°5840 | 0°5855 | 0°5870 | 0:5885 | 05900 | 05915 0°593510°5950 
0°5795 | 0°§810| 0'5830] 0'5845 | 0°§860 | 0:5875 | 0:5890 | 05905 | 0'5920 


0°$770 | 0'5785 | 05800} 0°5815 | 0°5830 | 05850 | 05865 
0°5745 | 0'§760 | 0°5775 | 0°5790 | 0'5805 | 0'5820] 0°5825 
0°§715 | 0°5730 | 0°5745 | 05765 | 0°5780 | 0'5795 | 05810 
0°5690 | 0°5705 | 0'5720} 0°5735 | 05750 | 0'5765 | 0°5780 
0°5660 | 0°5675 | 0°5690 J 0°5705 | 0°5725 | 0°5740| 0'5755 


0'588010°5895 
0'5850] 0'5865 
0'5825 | 05840 
0°579540°5810 
0°5770] 05785 


0°5635 | 0°5650 | 0°5665 | 05680 | 0°5695 | 0°5710 | 05725 05740] 0°5755 
0°§605 | 0°5620 | 0°5635 4 0°5650 | 0'5665 | 0'5680 | 05695 0°571510°5730 
0°5575 | 0°5§95 | 0°5610} 0°5625 | 05640 | 0'5655 | 0:5670 | 0'5685 | 0:5700 
075550 | 0°5565 | 05580] 05595 | 05610 | 0°5625 | 05640 | 0°5655 | 0°5670 
0°5520 | 0°5535 | 9°5550} 0°5565 | 0°5580 | 05595 | 05610 | 0'5625 J 05640 


NLR TTR TREAT ASD | CATES 


0°5490 | 0°5505 | 0°5520]} 0'5535 | 0°5550/ 05565 | 0'5580 | 05595] 05610 
0°5460 | 0°5475 | 0°5490] 0°5505 | 0°5520 | 0°5535 | 0°5550/ 0°5565] 05580 
0°5430| 0'5445 | 0'$460 0°5475 | 0°5490 | 0°5505 | 0'§520| 0°5535] 0'5550 
0° 400 | 0°5415 | 0°5430]0°5445 | 05460 | 0'5475 | 0'5490! o'5505 J 05520 
0°5370 | 05385 | 0°5400]0°5415 | 0°5430 | 0'5445 | 0'5460 | 0°5475 | 05490 


Quantitative Determination of Amino Groups. 
Chem., 1912,.12, 275. 


738 | 740 | 742 | 744 | 746 | 748 | 750 


0'5775] 0°5790 | 0°5805 | 0°5820 | 0°5840 | 0°5855 
0°$ 750} 0'°5765 | 05780 | 0'5795 | 0'5815 | 0°5830 
0°5725$0'5740]0°5755 | 0°5770| 0°5785 | O°5805 
0°5700 }0°$715 | 0°5730 | 0'°5745 | 0°5760 | 05775 
0°5670 } 0°5685 | 0°5705 | 0°5720| 0'5735 | 05750 


0°§675 | 0°5690 | 0°5710 | 0°5725 
0°5650 | 0°5665 | 0:5680 | 0°5695 
0'5625 | 0°5640! 0°5655 | 05670 
0'5595 | 0°5610| 0'5630 | 0'5645 
0°5570/ 0°5585 | 0°5600| 0'5615 


0'°5510}0'§525 | 05540 | 0'5555 | 0'5575 | 0°5590 
0 5470 | 0°5485 | 0°5500 | 075515 | 0°5530| 05545 | 015560 


0°§530 
0°5595 
0'5475 


0°5445 
O'5415 
0°5 385 
0°5355 
0°5325 
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—, N distribution, 131, 132. 
Globin, 2, 72. 
—, composition, 112. 
Globulins, 1, 20, 25, 73. 
composition, I14. 
N distribution, 131, 132, 133. 
tryptophan, 31. 
tyrosine, 20, 23. 
vegetable, 1, 74-75 81. 
—, composition, II5-117. 
—, N distribution, 131, 132. 
—, tryptophan, 31. 
—, —, tyrosine, 20, 23. 
Globulose, 2. 
Glucoproteines, 7. 
Glucoproteins, 2, 7, 81. 
Glucosamine, 6-7. 
Glutamic acid, 33, 73, 74, 75, 76, 77; 79, 80, 
82, 83, 85, 86, 89. 
amount in proteins, I1I-130. 
characterisation, 53. 
constitution, 3. 
ester, 37, 42, 52. 
hydrochloride, 33, 35. 
in humin fo:mation, 65. 
isolation, 33-35, 53- 
loss during analysis, 67, 68, 69. 
separation from aspartic acid, 34. 
— —, — — leucine, 34, 53. 
Glutamine, 74. 
Glutelins, 1, '75. 
—, composition, 118. 
—, tyrosine, 20. 
Gluten, 75. 
—, composition, 118. 
—, flour, N distribution, 134. 
—, N distribution, 134. 
—, tryptophan, 31. 
Glutencasein, tryptophan, 31. 
Glutenin, 1, '75. 
—, composition, 118. 
—, N distribution, 131. 
—, tyrosine, 20. 
Glycine, 5, 8, 33, 44, 50, 73) 75, 76, 77; 78; 
79, 80, 82, 83, 85, 89, 94. 
—, amount in proteins, I1I-130, 
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Glycine, constitution, 2. Humin nitrogen, formation, 9, 64, 65-67. 
—, ester, 38, 40, 42. Hydrolysis, 7, 9-14, 55, 63, 64, 97. 
—, —, hydrochloride, 36, 38, 51. —, by alkalies, 11. 
—, estimation, 36-37. —, by baryta, 9, 32. 
—, in humin formation, 65. —, by enzymes, 9, 14, 15, I9, 22, 27, 30, 
—, isolation, 36, 38, 44, 45. 31, 64. 
—, loss during analysis, 67, 68. —, by hydrochloric acid, 9-10, 11, 17, 18, 
—, phosphotungstate, 48. 24, 33, 34, 64, 87, 97, 105. 
—, picrate, 51. —, by hydrofluoric acid, 11. 
—, separation from alanine, 51. —, by sulphuric acid, 9, 11, 15, 17, 18, 33, 
Glycinin, composition, 116. 34, 55. 
—, N distribution, 131. —, completion of, 12, 64, 97. 
—, tyrosine, 20, 23. —, loss during, 63-65. 
Glycocoll, see glycine, —, oxidation during, 84. 
Glycoleucine, 5. Hydroxyaminopropionic acid, 3. 
Glycyl-alanine, 2. Hydroxyaminosuberic acid, 5. 
Goose feathers, 80. Hydroxyaminosuccinic acid, 5. 
Grey matter, brain, 128. Hydroxydiaminosebacic acid, 5. 
Hydroxyphenylaminopropionic acid, 3. 
Hzamocyanin, N distribution, 132. Hydroxypyrrolidinecarboxylic acid, 3. 
Hemoglobin, 1, 2, '72, 107. 
—, composition of globin, 112. ICHTHULIN, I, 76. 
—, N distribution, 131, 132, —, composition, 120. 
Hair, 1, 20, 24, 79, 80, 107. Ichthylepidin, composition, 125. 
—, composition, 126. Imidazole-aminopropionic acid, 3. 
—, N distribution, 132. Indole, 30. 
—, tryptophan, 29. Indole-aminopropionic acid, 4. 
—, tyrosine, 20. Infusoria, phosphorescent, composition, 127. 
Hemi-elastin, composition, 130. Iodoform from spongin, 65. 
Hemp seed, N distribution, 134. Isolation of units, 15-61. 
Hetero-albumose, 83. Isoleucine, 5, 76, 85. 
—, composition, 130. —, amount in proteins, 68, 111-130. 
——, N distribution, 131. —, constitution, 3. 
Heterocyclic compounds, 3-4, 85. —, isolation, 44-46, 47-48. 
Hexone bases, 15, 63, 70, 83, 85, 109, I10. —, loss during analysis, 68. 
— —, total N, 88, ro2. —, separation from leucine, 47-48. 
— —, separation, 55-62. —, — — valine, 45-46. 


Hickory Nut, N distribution, 134, 
Histidine, 4,15, 65, 70, 71, 725°73,8 74, 75, | SAFERIN, 75. 


79, 82, 83, 85, 102, 103, 104, 108. —, composition, Ir19. 
—, amount in proteins, 108, I1I-130. —, N distribution, 131. 
—, constitution, 3. Keratins, 1, 24, '79-80. 
—, diazobenzene sulphonic acid reaction,| —, composition, 126. 
61-62. —, N distribution, 131, 132. 
—, estimation, 55, 56-58, 61-62, 385. —, tryptophan, 29, 31. 
—, in humin formation, 65. Koilin, 80, 
—, isolation, 55, 56-58. —, composition, 124. 
—, nitrogen, 70, 85. —, N distribution, 131. 
—, —, analytical data, 132-135. Kossel’s method, 55-61. 
—, —, estimation, 103-104, 107. Kyrins, 83. 
, separation from arginine, 55. 
Eistones: ge ey he F LACTALBUMIN, 73, 109, I10. 
—, composition, Ii2. —, composition, 108, I13. 
Hordein, 1, 75. —, N distribution, 132, 135. 
—, composition, r19. —, tryptophan, 29, 30, 31. 
—, N distribution, 131. —, tyrosine, 20. 
—, tyrosine, 20. Lactoglobulin, rog. 
Horn, 1, 20, 24, 80. —, N distribution, 132. 
—, composition, 126. Legumelin, '74, 75. 
—, N distribution, 131. —, composition, 118. 
—, tryptophan, 29. —, N distribution, 131. 
—, tyrosine, 20. Legumin, I, 74, 75+ 
Horse serum proteins, N distribution, 133. —, composition, r16. 
Humin nitrogen, 98, 105, IIo. , N distribution, 131. 
—_--_—, analytical data, 131-135. —, dais reer vsti 31. 


— —, estimation, 55- 56, 88, 98, 105, 107. —, tyrosine, 20, 23. 
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Leuceines, 7. Mono-amino dicarboxylic acids, estimation, 
Leucine, 5, 18, 38, 48, 75, 79, 82, 85, 89. 85-86, 104-100. 

—, amount in proteins, 68, 111-130. Mucin, 2, 81. 

—, constitution, 3. Mulberry leaves, 78. 

—, fraction, 5. — —, composition, 123. 

—, ester, 38, 42, 53. Muscle, 1, 81, 82. 

—, in humin formation, 65. —, composition, 129. 

—, isolation, 44-46, 47-48. —, N distribution, 131, 133. 

—, loss during analysis, 67, 68, 69. Mycobacterium, 81. 

—, separation from aspartic acid, 53. —, composition, 127. 

—, — — glutamic acid, 34. Myosin, I. 

—, — — isoleucine, 47-48. Myosinogen, I. 

—, — — tyrosine, 18. 

—, — — valine, 45-46. NAIL, 80. 

Leucininide, 54. —, tryptophan, 29. 

Leucosin, 74. Nervous tissue, protein, 5, 82. 

—, composition, 118. =, —-» Composition, F238; 

—, N distribution, 131. Neurokeratin, composition, 124. 
Leucyl-glutamic acid, 2. Nitrogen, amide, 4, 64, 74, 75, 85, 86, 94. 
Linseed protein, 75. —, —, analytical data, I1I-130, 131-135. 
— —, composition, I17. —, —, estimation, 15, 55-56, 87-88, 97-.8, 
Liver nucleoprotein, composition, 128. 105. 
Liver, protein, 5, 29. —, amino, 44, 64, 85. 

—, N distribution, 133. —, —, estimation, Sdérensen’s method, 12- 
—, tryptophan, 29. EAs 
Livetin, N distribution, 131. —, —, —, Van Slyke’s method, 89-96. 


| 


Loss during analysis, 63-69. 
Lota-histone, I. 

—, composition, I12. 
Lysalbic acid, 83, 84. cystine, 85. 

Lysine, 19, 70, 71, 73, 74) 75» 81, 82, 83, 85, —, analytical data, 132-135. 

94, 107, 109g. =<, estimation, 102-103; 107. 
amount in proteins, 108, I1I-130. —, diamino, 85, 86, 108. 
constitution, 3. —, —, analytical data, 131. 
estimation, 55, 60-61, 85, 104. —, —, estimation, 88, 102. 
in humin formation, 65. —, distribution, 85-110. 
isolation, 55, 56, 60-61. —, analytical data, 131-135. 
nitrogen, 85. histidine, 70, 85. 

—, analytical data, 132-135. —, analytical data, 132-135. 
—, estimation, 104, I07. —, estimation, 103-104, 107. 
separation from arginine and histidine, humin, 98, 105, IIo. 

55, 60. —, analytical data, 131-135. 

—, estimation, 55-56, 88, 98, 105, 107. 
lysine, 85. 

—, analytical data, 132-135. 

—, estimation, 104, 107. 
mono-amino, 70, 85, 86, 104, 10g. 

—, analytical data, 131-135. 

—, estimation, 87-88, 104, 107. 
non-amino, 85, 103, 109g. 

—, analytical data, 131-135. 

—, estimation, 103, 104, 107. 


arginine, 70, 85, 103. 
—, analytical data, 132-135. 
—, estimation, IOI-102, 103. 
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MAiZE-GLUTELIN, tyrosine, 20. 
Maize-glutenin, composition, 118. 

— kernel, N distribution, 134. : 
Melanin, 24, 36, 55, 65-67. See Humin. 
Membrane, fat particles of milk, 81. 
Metaproteins, 2. 

Methylamine, 94. 
Methylation method, Engeland, 44, 60. 
Methylene compound of amino acids, 12. 
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Methylhygric acid, 69. —, total, 4. 

Micro-organisms, 81. —, —, analytical data, 131. 
—, composition, 127. Nitrous acid, action of, 85. 

Milk, membrane of fat particles, 81. Non-amino nitrogen, 85, 103, 109. 
—, proteins of, 108-109. — —, analytical data, 132-135. 
—, — —, N distribution, 132. — —, estimation, 103, 104, 107. 
—, tryptophan, 31. Norleucine, 5, 82. 

Mono-amino acids, 5, 7,15, 16,70, 71, 72, 78.| Nucleic acid, 1, 2, 71, 72. 

— —, isolation, 33-54. Nucleoprotein, liver, composition, 128. 
—=——, list, 2-3. Nucleoproteins, 1, 2. 

— —, loss during analysis, 63-69, 110. 

— —, nitrogen, 70, 85, 86, 104, og. OaT-GLIADIN, N distribution, 131. 

— —, —, analytical data, 131-135. Oats, N distribution, 134. 


— —, —, estimation, 87-88, 104, 107. Oryzenin, 1,75; 
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REEL composition, 118. Proline, 8, 14, 15, 43, 45, 69, 71, 75, 79, 82, 
, N distribution, 132. 83, 85, 107. 
Ovalbamint see Ege- albumin, amount in proteins, I11-130. 
Ovokeratin, 78. characterisation, 43. 
—, composition, 124. constitution, 3. 
Ovomucoid, 2, 20. copper salt, 43. 
—, composition, 128. ester, 42. 
—, tyrosine, 20. estimation, 43-44. 
Oxidation during hydrolysis, 84. in humin formation, 65. 
Ox muscle, 81. isolation, 43. 
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— , composition, 129. , loss during analysis, 68, 69. 
—, N distribution, 131. Protaltie acid, 83, 84. 
Ox serum, proteins, N distribution, 133. Protamine nucleus, ree 
Oxyproline, 8, 15, 21, 74, 79, 85. Protamines, 1, 2, 63. FO*7 137 2: 
—, amount in proteins, III-130. a5 composition, Lit; 
—, characterisation, 54. , N distribution, 70. 
—, constitution, 3. paces: differentiation by N distribution, 
—, isolation, 54. s 131-135. 
—, loss during analysis, 68. —, elementary composition, 2. 
Oxytryptophan, 6, 21. —, various, 81-82. 


—, —, composition, 111-130. 
Proteoses, 2, 82-84. 


PARAMUCIN, 81. —, composition, 130. 

—, composition, 128. —, N distribution, 131. 
Pathological tissues, rog. Proto-albumose, 83. 

— —, N distribution, 133. —, composition, 130. 

Peanut, proteins, 75. —, N distribution, 131. 

—, N distribution, 134. ee oe 108, 10g. 

Pecan, N distribution, 134. , N distribution, 132, 133. 
Pepsin, composition, 128. Poaddewnen: 81. 

Peptone Roche, tyrosine, 23. —- composition, 128. 
Peptones, 2, 83. Purines, 2, 72, 94. 

—, composition, 83, 130. Pyridine, origin in coal tar, 65, 66. 
Percine, '70, 71. Pyrimidines, 2, 94. 

—, composition, III. Pyrrolidine carboxylic acid, 3. 
Peripheral nerves, composition, 128. Pyrrolidone carboxylic acid, 34, 35, 67. 
Phaseolin, composition, 116. 

—, N distribution, 131. RANOVIN, Composition, 120. 

—, tyrosine, 20. Residue from ester distillation, 54. 
Phenylalanine, 7, 14, 52, 73, 79, 80, 81, 82,| Resistant body to enzymes, 14. 

83, 85, 86, 80. Results of analysis, 63-84. 

—, amount in proteins, IrI-130. Rice, N distribution, 134. 

—, characterisation, 52. — protein, 75. 

—, constitution, 3. — —, composition, 118. 

—, ester, 42, 52, 53. — —, N distribution, 132. 

—, in humin formation, 65. Rye-gliadin, 75. 

—, isolation, 52. — —, composition, Ir19. 

—, loss during analysis, 69. — —, N distribution, 131. 
Phenylaminopropionic acid, 3. — grain, N distribution, 134. 
Phosphoproteins, 1, 2, '76. 

—, composition, 120. SALMINE, I, 4, 70, 71. 

—, N distribution, 131, 132. —, composition, III. 
Phosphorescent infusoria, 81. Sarcoma, tryptophan, 29. 

— —, composition, 127. Scales, armadillo, fish, snake, composition, 
Phosphotungstic acid precipitation, 16, 25, 125. 

32, 48, 54, 61, 87, 88, 98-99. —, —, —, —, N distribution, 131. 
Phosphotungstic-phosphomolybdic reagent | Scallop muscle, 81. 

for tyrosine estimation, 20. — —, composition, 129. 
Pinus Koraiensis protein, composition, 117. | — —, N distribution, 131. 
Placenta, composition, 129. Scleroproteins, 1, 69, 77-80. 
Plastein, 84. —, composition, 121-126. 

—, composition, 130. —, N distribution, 131-132. 
Polypeptides, 2, 8, 82. Scombrine, 1. 

Potato, globulin, composition, 117. —, composition, 111, 
—, —, N distribution, 132. Separation of amino acids into groups, 15, 85. 


Prolamines, 75. Serine, 7, 71, 77, 79- 
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Serine, arnount in proteins, 111-130. Tryptophan, bromination, 22, 28, 32. 
—, characterisation, 53-54. —, constitution, 4. 
—, constitution, 3. —, estimation, 27-32. 


9 
—, ester, 42, 52. —, in humin formation, 65. 

—, isolation, 53-54. —, isolation, 27. 

—, loss during analysis, 68, 69. —, loss during analysis, 68, 69. 
Serum-albumin, 1, 7, '73, 108, 109. —, nitrogen, 85. 

—, composition, 113. —, separation from cystine, 27. 


—, N distribution, 108, 131, 132. —, — — tyrosine, 27. 

Serum-globulin, 1, 73, 108, 109. Tubercle bacilli, 8z. 

—, composition, 83, I14. — —, composition, 127. 

—, N distribution, 108, 131, 132. Tumours, 81, 109. 

—, proteins, 108. —, composition, 129. 

—, —, N distribution, 133. —, N distribution, 133. 
Silk, 77-79. Tyroleucine, 7. 

—, composition, 122, 123. Tyrosine, 6, 8, 15, 24, 27, 28, 82,3530, -61, 
Silk-fibroin, I, 63, 77. 71, 73, 75, 79, 77, 78, 79; 80, 82, 83, 
—, composition, 121, 122. 85, 86, 89. 

—, N distribution, 131. —, amount in proteins, III-130. 

—, tyrosine, 23. —, — — —, by bromination method, 23. 
Silk-gelatin, 1, 77, 79- —, — — —, — colorimetric method, 20. 


>) 
—, composition, 123. —, constitution, 3. 
—, N distribution, 131. , €ster, 20, 38. 
Snake scales, 80. —, estimation, bromination method, 22-23. 
— —, composition, 125. —, —, colorimetric method, 20-21. 
— —, N distribution, 131. , —, gravimetric method, 17-18. 
Sérensen’s titration method with formalin, , in humin formation, 65. 

12-14. —, isolation, 17-19. 


Soy beans, N distribution, 134. —, loss during analysis, 68. 
Spiders’ silk-fibroin, 63. —, separation from cystine, 25-26. 
—, composition, 122. —, — — leucine, 18. 
Spinal cord, composition, 128. 

Spongin, 69, 79. URAMIDO groups, 64. 

—, composition, 124. Urea, 94. 

Squash seed globulin, composition, 115. Urine protein, composition, 128. 
— — —, cystine isolation, 25. 

— — —, N distribution, 131. VALERIANIC acid, 5. 

— — —, tryptophan, 31. Valine, 18, 71, 75, 35. 


— — —, tyrosine, 20, 23. 
Sturine, I, '70, 71. 

—, composition, III. 

Sulphur in hydrolysis, 65. 
Sunflower seed, N distribution, 134. 
Synthesis, 38. 

Syntonin, 82. 

—, composition, 130. 


amount in proteins, III-130. 
characterisation, 46. 

constitution, 2. 

ester, 42, 43. 

isolation, 44, 45-46, 48-50. 

loss during analysis, 68, 69. 
phosphotungstate, 48. 

separation from alanine, 48-50. 

—, — — leucine and isoleucine, 45-46. 
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TANKAGE, N distribution, 134. Van Slyke’s amino nitrogen method, 12, 44, 
Tetrapeptide, 2. 64, 89-96. 
Thymus-histone, I, 72. —, N distribution method, 85, 97-108. 

—, composition, I12. Various proteins, 81-82. 

Thynnine, composition, IIr. — —, composition, 127-130. 
Tissues, 109. Vegetable albumins, I, 74. 

—, N distribution, 133. — —, composition, 118. 
Tortoise carapace, 77, 80. — —, N distribution, 131. 

— —, composition, 125. — globulins, 1, 74-75, 81. 

— —, N distribution, 131. — —, composition, I15-117. 
Total nitrogen, 4. — —, N distribution, 131. 

— —, analytical data, 131. — —, tyrosine, 20, 23. 
Trimethyl-alanine, 69. — proteins, 33, 74-75, 81. 
Trimethyl-leucine, 69. — — composition, 115-119. 
Trimethy]-phenylalanine, 69. Vicilin, 74. | 
Trimethyl-valine, 69. —, composition, 116. 


lia Hes, 6, 15, 21, 22, 23, 71, 75, 79, 85,| —, N distribution, 131. 
Vignin, 60, 74. 
—, ees in proteins, I11-130. —, composition, 116, 
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Vignin, N distribution, 131. Wheat-gluten, tryptophan, 31. 
—, tyrosine, 20, 23. Wheat-glutenin, 1, 75. 
Vitellin, 1, 76. —, composition, Ir8. 

—, composition, 120. —, N distribution, 131. 

—, N distribution, 131. —, tyrosine, 20. 

—, tyrosine, 20. White matter, brain, composition, 128. 

Witte’s peptone, 83, 84. 

WALNUT, N distribution, 134. — —, composition, 130. 
Water bacillus, 81. — —, tryptophan, 31. 

—, composition, 127. Wool, 6, 20, 80. 

Whalebone, 80. —, composition, 126. 

—, composition, 125. —, cystine, 24. 

Wheat, bran, N distribution, 134. —, tryptophan, 29. 

—, N distribution, 134. —, tyrosine, 20, 24. 
Wheat-gliadin, 1, 63, 69, '75, 107. 

—, composition, 86, 108, 119. YEAST protein, 81. 

—, cystine isolation, 25. — —, composition, 127. 

—, N distribution, 132. 

—, tyrosine, 20. ZEIN, I, 19, 21, 65, 60, 75. 
Wheat-gluten, 75. —, composition, 86, I19. 
—, composition, 118. —, N distribution, 131. 

—, N distribution, 131. | —, tyrosine, 20. 
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